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he  objective  of  the  MESG  Program  was  to  develop  a competent  second  source  for  the  fabrication  of  MESG  rotor 
and  cavity  sots.  This  was  required  in  order  to  protect  the  Government's  investment  by  insuring  that  the  drawings, 
procedures,  and  techniques  developed  by  the  prime  contractor *(Autonetics  Group,  Rockwell  International  AGRI) 
were  correct,  and  to  prevent  AGRI  from  obtaining  a sole  source  advantage. 

PPD's  major  function  in  the  program  was  to  demonstrate  to  the  Air  Force  that  PPD  could  produce  MESG  rotoi 
and  cavity  sets  with  equal  proficiency  as  AGRI.  >■-  1 
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As  preliminary  to  this  major  function,  PPD;  1)  reviewed  (and  updated  and  corrected,  as  required)  a 
Reprocurement  Data  Package  supplied  by  the  Air  Force  to  ensure  its  completeness  and  suitability;  2)  established 
alternate  sources  for  required  raw  materials  and  beryllium  billet  extrusions;  and  3)  procured  or  designed  and 
fabricated  baseline  tooling  and  fixtures  necessary  to  produce  MESG  rotors  and  cavities. 

In  its  fabrication  activity,  PPD  first  built  six  rotor  and  cavity  sets  using  materials  supplied  by  the  Air  Force.  After 
AF  approval  of  this  first  lot,  PPD  then  built  four  rotor  and  cavity  sets  using  materials  supplied  from  the  alternate 
vendors.  (A  further  requirement  for  10  additional  sets  using  alternate  source  material  was  deleted  from  the 
contract.) 

Ancillary  program  activity  included:  1)  a Product  Improvement  Task  in  which  PPD  investigated  and  recommend 
alternate  rotor /cavity  processing  and  production  techniques  to  reduce  costs;  2)  development  of  reliability  and 
maintainability  factors  involved  in  fabrication;  and  31  performance  of  a preliminary  system  safety  analysis. 

PPD  believes  that  it  has  met  or  exceeded  all  the  goals  called  out  in  the  contract  (and  revisions  thereto  currently 
in  process  by  AFAL)  and  is  ready  to  perform  as  a competent  second  source  for  any  future  MESG  rotor /cavity 
fabrication  requirements. 
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FOREWORD 


This  final  report  was  prepared  under  Air  Force  Contract  F33615-74-C-1 105,  Item  0002,  Task 
A006.  The  report  covers  work  performed  by  the  Precision  Products  Department  of  the 
Northrop  Corp.,  100  Morse  St.,  Norwood,  Mass.  02062  for  the  Air  Force  Avionics  Laboratory, 
Wright-Patterson  Air  Force  Base,  Ohio. 

The  purpose  of  this  development  effort  was  to  establish  a second  source  for  MICRO-Electrostatic 
gyro  (MESG)  rotors  and  cavities,  to  protect  the  Government's  investment  by  insuring  the 
drawings,  procedures,  and  techniques  obtained  from  Autonetics  were  correct,  and  to  prevent 
Autonetics  from  obtaining  a sole  source  advantage. 

This  program  was  conducted  from  June  1974  through  April  1976  under  the  direction  of  the 
following  personnel: 

W.  Merritt  MESG  Program  Manager 

R.  Westhaver  MESG  Project  Engineer 

The  principal  contributors  to  this  report  were: 

K.  Millo 
R.  Pagels 
F.  Hallock 

The  cognizant  Air  Force  Project  Manager  on  this  MESG  program  was  Captain  Walter  Peterson,  Jr., 
AFAL/RWM-666A. 
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SUMMARY 


The  objective  of  this  advanced  development  effort  was  to  establish  a second  fabrication  source 
for  the  rotors  and  cavities  of  the  MICRO-Electrostatic  Gyro  (MESG).  Work  was  performed  by 
Northrop  Corporation's  Precision  Products  Department  (PPD)  under  Contract  Number  F33615 
74-C-1105,  covering  a time  period  from  3 June  1974  through  30  April  1976. 

The  Statement  of  Work  called  out  six  major  tasks  to  be  accomplished  in  meeting  the  program 
goals: 

Task  1.  Documentation  Package  Review  — This  task  required  that  PPD  review  a 
Reprocurement  Data  Package  supplied  by  the  Air  Force  to  determine  its 
completeness  and  suitability  for  use  in  fabricating  MESG  rotors  and 
cavities  and  associated  tooling  and  fixtures.  Altogether,  16  gyro  drawings 
and  revisions,  43  specifications  and  revisions,  and  104  tool  drawings  and 
revisions  were  reviewed.  The  review  revealed  numerous  mistakes,  omissions, 
and/or  need  for  clarifications  in  each  category.  These  deficiencies  have  been 
corrected,  and  PPD  now  has  in  its  possession  all  available  and  necessary 
documentation  needed  to  comply  with  the  MESG  program. 

Task  2.  Establish  Alternate  Sources  for  Raw  Materials  - This  task  required  that 

PPD  establish  MESG  raw  material  and  processing  sources  other  than  those 
being  used  by  the  Autonetics  Group  of  Rockwell  International  (AGRI) 
in  its  prime  contract  activity.  Four  vendor  surveys  were  conducted  by  PPD 
in  completing  this  task.  Two  vendors  were  selected  as  possible  new  sources: 
Kdwecki  Berylco  Ind.,  Inc.  Reading,  Pa.  for  beryllium  stock,  tantalum  wire,  and 
extrusions;  and  Brush  Wellman  Co.,  Elmore,  Ohio  for  beryllium  oxide  discs. 

PPD  also  developed  two  material  specifications  (as  part  of  this  task)  to  com- 
pletely define  the  material  and  inspection  requirements. 

Task  3.  Tooling  for  Baseline  Configuration  - This  task  required  that  PPD  either 

procure  or  design  and  fabricate  the  tooling  and  fixturing  necessary  to  produce 
MESG  rotors  and  cavities.  Existing  fixtures  and  tools  were  used  "as-is"  to  the 
greatest  extent  possible;  two  fixtures  were  modified  for  use;  and  16  items  were 
especially  developed  for  MESG. 
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Task  4.  Fabrication  — This  task  required  that  PPD  fabricate  six  rotor  and  cavity  sets 
using  materials  supplied  by  the  Air  Force.  After  AF  approval,  it  required 
fabrication  of  four  rotor  and  cavity  sets  using  materials  procured  from  the 
alternate  sources  developed  in  Task  2.  A further  requirement  for  fabrication 
of  ten  additional  sets  using  alternate  source  material  was  deleted  from  the 
contract.  The  original  six  rotor  and  cavity  sets  were  completed  by  May  1975. 
The  four  sets  using  alternate  vendor  material  were  completed  in  January  1976. 

Task  5.  Product  Improvement  - This  task  required  that  PPD  investigate  and  recommend 
alternate  rotor/cavity  processing/production  techniques  to  reduce  costs.  After 
preliminary  consideration  of  several  areas  of  investigation,  emphasis  was  placed 
on  new  techniques  for  stock  removal  from  eloxed  rotors  using  barrel  and  vibra- 
tory tumbling.  These  techniques  showed  great  potential  for  cost  effective 
results  in  production. 

Task  6.  Design  Reviews  — Two  design  reviews  were  originally  scheduled;  however,  this 
task  was  later  deleted. 

In  addition  to  these  specific  numbered  tasks,  the  SOW  also  required  that: 

1.  Careful  consideration  be  given  throughout  the  program  to  the  factors  of  reliability 
and  maintainability,  and  that  a prediction  of  the  degree  of  these  factors  be  developed. 
This  was  completed  with  the  development  of  a summary  of  reliability/maintainability 
factors. 

2.  A preliminary  system  safety  analysis  be  performed.  Special  precautions  were  in- 
corporated: 

a)  to  ensure  personnel  safety  in  all  operations  involving  the  processing  of 
beryllium  and  beryllium  oxide,  and 

b)  to  minimize  loss  of  in-process  parts  from  accidental  causes. 

PPD  has  completed  and  complied  with  all  requirements  in  the  SOW  (and  revisions  to  the 
contract  currently  in  process  by  AFAL).  This  Final  Technical  Report  documents  all  program 
activity,  results,  and  recommendations. 
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TASK  1,  DOCUMENTATION  PACKAGE  REVIEW 


INTRODUCTION 


This  task,  as  established  by  the  SOW,  required  PPD  to  review  a Reprocurement  Data  Package 
supplied  by  the  Air  Force  and  report  on  its  completeness  and  suitability  for  fabricating  MICRON 
rotors  and  cavities  and  associated  tooling.  The  Data  Package  as  received  consisted  of  four  piece- 
part  drawings,  75  tooling  drawings,  and  three  process  specifications.  After  these  documents 
were  reviewed,  it  became  apparent  that  additional  data  referenced  in  the  Data  Package  would 
be  required  and  this  data  was  requested.  The  review  also  revealed  that  some  documentation, 
which  PPD  felt  was  required  to  completely  define  rotor  fabrication,  was  not  included.  Such 
data  included  information  on  the  billet  extrusion  process,  and  assembly  drawing  of  the  billet 
and  tantalum  wires,  details  of  the  billet  showing  size  and  location  of  the  wire  slots,  oxidization 
process  for  the  billet,  and  the  billet  assembly  procedure.  A total  of  16  gyro  drawings  and  re 
visions,  43  specifications  and  revisions,  and  104  tool  drawings  and  revisions  have  been  reviewed. 

A complete  list  of  Documentation  Data  required  to  produce  MESG  rotors  and  cavities  is  given 
in  Appendix  A of  this  report.  Shown  is  a list  of  AGRI  tools,  piece-part  drawings,  and  specifica 
tions.  Appendix  B contains  two  Material  Specifications  developed  by  PPD  during  the  Program. 

The  following  comments  on  the  Reprocurement  Data  Package  were  forwarded  to  the  Air  Force 
and  resulted  in  changes  to  some  of  the  drawings. 

TOOLING 


10000-207,  Rotor  Lapping  Machine,  ESG 

All  detail  drawings  indicated  by  the  main  assembly  drawing  have  been  received  and  have  been 
found  to  be  inadequate  to  produce  a machine  capable  of  hot  lapping  rotors. 

Item  6 of  this  drawing  shows  two  Va-20  socket  head  screws,  but  does  not  specify  the  material; 

PPD  thinks  that  the  material  should  be  teflon  or  nylon  in  order  to  minimize  heat  loss  from  the 
block.  PPD  also  believes  that  item  65,  Shield,  is  not  properly  placed  and  should  be  placed  between 
item  4,  Cartridge  Holder,  and  item  5,  Insulator,  rather  than  item  4 and  item  1,  Base.  This  is 
recommended  so  that  the  heat  radiated  from  the  block  to  the  shield  has  direct  contact  with  the 
base  plate,  so  that  between  the  '/*■  20  screws  and  the  shield,  the  base  plate  becomes  a large  heat 
sink.  In  addition,  nowhere  in  the  parts  list  or  on  the  drawing  is  reference  made  to  placement, 
size,  or  capacity  of  the  heater,  sensor,  and  controller,  required  to  maintain  the  rotor  at  lapping 
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temperature.  PPD  has  learned  from  experience  that  assembly  of  the  lapping  machine  is  not 
altogether  straightforward  and  believes  a procedure  should  be  written  covering  the  assembly 
and  checkout  of  the  unit. 

10032-207,  Comparator.  Cavity  Spherometer,  ESG 

All  detail  drawings  related  to  this  assembly  have  been  received.  PPD  has  built  this  fixture  and 
has  found  numerous  mistakes  and  omission  in  the  drawings  which  required  revision  before  a 
workable  instrument  could  be  made.  These  deficiencies  must  be  corrected  before  usable 
instrumentation  can  be  fabricated.  PPD  has  kept  a set  of  red  lined  drawings  recording  the 
required  changes. 

10039-207,  Comp»r«tor,  Cavity  Equator,  ESG 

All  detail  drawings  related  to  this  assembly  have  been  received.  Based  on  experience  PPD  has 
gained  in  building  this  fixture,  revisions  in  the  drawings  are  required  before  usable  instrumenta- 
tion can  be  fabricated  from  these  drawings.  PPD  has  marked-up  drawings. 

10077-207,  Cavity  Holder  (hand  lapping) 

An  addition  to  this  drawing  is  required  to  show  the  ball  rotating  fixture. 

10078-207,  Ntatk,  Sputter 

This  mask  does  not  adequately  shield  the  back  side  of  the  cavity  from  extraneous  sputtered 
material. 

10080-207,  Cavity  Grind  Fixture 

This  drawing  reflects  the  fixture  for  cavity  outside  diameter  grind  and  alignment.  PPD  noticed 
that  according  to  this  drawing,  item  3,  Alignment  Ball,  has  been  changed  to  0.406235  dia.  from 
0.406241  dia.  PPD  feels  that  one  rotor  will  not  suffice  for  the  concentric  grinding  and  align- 
ment operation  because  of  the  large  variation  in  cavity  diameters.  We  believe  it  will  take  3 
rotors  of  varying  size  in  order  to  hold  the  alignment  tolerance  specified. 

10083-207,  Probe,  Temperature  — Rotor  Lapping  Machine 

PPD  questions  how  the  probe  is  used  in  order  to  insure  no  rotor  damage  due  to  scratches,  because 
there  is  no  sphericity  lapped  into  probe  end.  Also,  the  measurement  of  temperature  may  not  be 
accurate  due  to  this  point  contact. 


10089-207,  Rotor  Measuring  Fixture  - Talyrond 


The  spherical  diameter  is  shown  as  0.405650  ± 10pin.  This  is  the  diameter  of  the  Marine  rotor. 
The  Micron  rotor  has  two  different  diameters  at  68°  F.  PPD  questions  whether  the  vacuum 
would  be  sufficient  for  all  diameters.  Because  the  rotor  is  oblate,  it  seems  probable  the  rotor 
could  move  and  also  it  may  not  seal  the  fixture;  hence,  the  vacuum  would  be  insufficient  to  hold 
the  rotor. 

PPD  also  questions  the  fact  that  the  rotor  seat  is  made  from  stainless  steel.  Even  though  it  has  a 
2pin.  finish,  the  rotor  has  to  be  rotated  for  different  scans.  PPD  believes  the  rotor  could  be 
damaged  doing  this. 

10090-207,  Bake  Fixture,  Rotor 


This  fixture  specified  a spherical  diameter  of  0.405650  which  does  not  appear  to  be  compatible 
with  the  0.406050  and  0.405950  spherical  diameters  which  the  Micron  rotors  have  when  this 
fixture  is  used.  Also,  this  fixture  has  no  protection  against  the  rotor  falling  out  of  the  fixture; 
it  should  have  some  sort  of  counterbore  or  lip  to  catch  the  rotor  if  it  rolls  out  of  the  fixture. 

SPECIFICATIONS 

AA0109-051,  Electroless  Deposition  of  Nickel  - Phosphorous  Plate  on  Gold 

A procedure  is  required  for  reworking  plated  cavities,  including  the  number  of  reworks  permitted. 

AB0170-067,  Beryllium  Extruded 


Pg.  2,  par.  1.0;  The  extrusion  ratio  for  Micron  of  25  to  1 should  be  specified. 

Pg.  6,  par.  4. 2. 3. 2;  The  number  of  samples  and  their  location  for  the  thermal  expansion  aniso 
tropy  test  should  be  specified.  Also,  the  absolute  coefficient  of  expansion  is  required  in  order 
to  be  able  to  correct  finished  rotor  size  for  the  temperature  at  which  it  is  measured.  The 
temperature  over  which  these  tests  are  run  should  also  include  points  below  room  temperature. 
A value  and  tolerance  of  coefficients  determined  should  be  specified. 

Pg.  6,  par.  4. 2. 3. 7;  The  diametral  positions  for  the  three  wire  extrusion  are  required. 


AL70030,  Rotor;  Hot  Lapping  Procedure  For 


This  document  outlines  the  procedure  for  fabricating  the  MICRON  rotor.  The  equipment 
listed  is  adequate  as  given  except  as  noted  below. 

For  sizing  the  rotors  during  the  fabrication  cycle,  PPD  uses  air  buffered  electronic  indicators  in 
place  of  the  mechanical  Mikrokator  listed.  PPD  has  found  the  electronic  indicators  offer  superior 
repeatability  over  the  Mikrokators.  The  equipment  specified  for  measuring  the  rotor  temperature 
(the  Leeds  and  Northrop  Potentiometer)  is  not  complete  because  no  description  or  drawing  of 
the  thermocouple  probe  used  to  contact  the  rotor  is  given. 

In  par.  3.1 .6.1,  the  hot  lap  mixture  as  stated  is  incomplete. 

In  par.  3. 2. 1.1,  minimum  rotor  size  out  of  EDM  is  specified  as  0.418  in.  In  conversations  with 
AGRI,  it  was  learned  that  rotors  as  small  as  0.412  in.  are  processed.  The  actual  determining 
factor  of  how  small  the  rotor  can  be  is  the  depth  of  pitting  made  by  the  Eloxing  process;  con- 
sequently rotors  smaller  than  0.418  can  be  used  provided  they  are  not  pitted  too  badly. 

In  par.  3.2.3. 1 , the  direction  of  rotation  for  the  cycle  drive  and  rotating  disc  is  not  specified. 

In  par.  3. 2. 3. 2,  if  the  pits  and  scratches  appear  to  be  too  deep  to  clean  up  in  subsequent  lapping 
operations,  the  rotor  must  be  rejected. 

In  par.  3. 2.3.6,  PPD  prefers  to  use  a soft  felt-tipped  pen  rather  than  the  Rapidograph  pen  specified 
because  of  the  danger  of  scratching  the  ball  with  the  Rapidograph. 

In  par.  3. 2.3. 7,  a more  definitive  statement  regarding  exactly  what  is  acceptable  and  rejectable 
in  terms  of  wire  condition  is  needed.  X-ray  pictures  showing  examples  of  acceptable  and 
rejectable  rotors  should  be  provided. 

In  par.  3.2.4,  PPD  has  added  an  additional  lapping  operation  in  which  the  rotor  is  lapped  with 
38  900  compound.  PPD  has  found  this  additional  step  reduces  the  time  required  to  remove 
scratches  made  by  the  38  500  compound. 

In  par.  3. 2. 4. 5,  the  reference  temperature  at  which  the  ball  size  is  to  be  determined  should  be 
stated.  Room  temperature  is  not  accurate  enough. 

In  par.  3. 2.4, 7,  a tolerance  should  be  placed  on  the  30  microinch  oblateness.  With  the  stated 
size  tolerance,  this  could  be  interpreted  to  be  + 15  microinches. 
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In  par.  3. 2. 5.6,  after  obtaining  the  roundness  sweeps,  no  criteria  or  information  are  given  regarding 
how  (or  if)  this  information  is  to  be  used  for  accepting  or  rejecting  a rotor.  As  this  paragraph  stands, 
the  data  obtained  is  for  information  purposes  only. 

In  par.  3. 2. 7. 9,  the  tolerances  on  the  rotor  diameters  are  given  as  ± 5 microinches  whereas  in 
figure  2 and  on  drawing  12504  302,  the  tolerance  is  given  as  ± 10  microinches.  It  is  not  known 
if  this  is  intentional  or  an  oversight. 

Pg.  4 item  23,  part  number  not  identified. 

Pg.  4 items  36,  37,  and  38,  not  adequately  identified  or  vendors  specified. 

Pg.  5 Environmental  requirement,  par.  3.1.2,  the  temperature  specified  of  72  ± 5°F  disagrees 
with  rotor  drawing  12504  302  which  specifies  75  ± 5°F. 

Pg.  6 par.  3. 2. 1.3,  specifies  that  a porcelain  disc  is  used.  This  could  bring  about  contamination 
from  glass. 

AL70032,  Cavity,  Rotor;  Lapping  Procedure  For 

This  document  outlines  the  procedures  for  fabricating  the  cavity  halves  after  plating  (P/N  12699  302) 
and  the  cavity  matched  set  (P/N  12700-302). 

■»  Par.  3. 2. 1.1  calls  for  stripping  and  replating  the  cavity  half  if  loose,  blistered,  or  excessive  plating 

is  present.  PPD  needs  to  know  if  there  is  a limit  to  the  number  of  times  the  plating  can  be  stripped. 

For  par.  3.2.6,  PPD  will  need  a series  of  matched  set  control  numbers  for  identifying  the  cavity  sets. 

7 

s In  par.  2.1,  Documents  Required  by  this  Specification  include  AA01 10-003,  Cleaning  of  Beryllium. 

The  callout  number  is  in  error  and  should  be  AA01 10-008. 

'»  The  equipment  listed  in  par.  2.3  is  adequate  to  perform  the  task  outlined  with  the  following 

comments.  Item  1,  Lapping  Machine,  Cavity,  Dwg.  No.  10056-207  has  not  been  built  by  PPD, 
nor  is  it  actually  needed.  PPD  has  had  good  success  lapping  cavities  with  item  2 and  23  and 
intends  to  continue  to  use  this  equipment  rather  than  item  1.  Item  20,  Master  Cavity,  is  required 
for  use  in  the  Spherometer  for  sizing  the  cavities.  PPD  possesses  a Master  Cavity  but  requires  a 
periodic  recall  system  for  certification  through  Autonetics  Metrology. 
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In  the  equipment  list,  item  5 should  be  changed  to  reflect  the  drawing  requirement  for  1000 
megohms  resistance  at  250  VDC.  Par.  3 2.2.7  should  also  be  changed  to  indicate  the  need  for 
a megohmeter  check. 

The  following  comments  apply  to  the  procedure. 

In  par.  3.1.2,  the  temperature  at  which  operations  are  to  be  performed  is  listed  as  72  ± 5°F.  This 
tolerance  is  too  loose  when  sizing  the  cavities  A reference  temperature  at  which  the  size  is  to 
apply  should  be  stated  with  the  actual  temperature  at  which  measurements  are  made  being 
recorded.  Piece-part  dimensions  would  then  be  referenced  to  the  standard  temperature  by 
computation. 

Pg.  3 item  3,  Rough  Cavity  Lapper:  drawing  number  not  specified. 

Pg.  4,  par.  3. 1.3.1,  Cleaning  of  Parts:  the  pressure  of  the  spray  that  is  used  to  clean  parts  is  not 
specified. 

Pg.  5,  par.  3. 1.5. 2,  Charging  of  cavity  lap:  the  drawing  number  of  the  lap  charge  holder  is  not 
specified. 

Pg.  8,  par.  3.2.3. 6,  the  lap  "used  for  polishing  cavities"  requires  further  definition  as  to  the  lap 
used  and  the  lapping  compound.  The  temperature  at  which  the  cavity  diameter  dimension  applies 
needs  to  be  specified. 

Pg.  8,  par.  3.2.3.10,  the  equator  location  requires  better  definition. 

Pg.  9,  par.  3.2.4,  Final  Measurement:  the  roundness  of  each  sweep  should  be  specified. 

Pg.  11,  an  explanation  as  to  why  the  meter  is  set  to  read  7 is  required.  Additional  instructions 
and  information  such  as  coefficients  of  thermal  expansion  are  required  for  size  correction  due  to 
temperature. 

Pg.  12,  an  explanation  as  to  why  the  meter  is  set  to  read  3 5 is  required. 

DRAWINGS 


12698  302,  Cavity,  Rotor 

1.  No  surface  finish  designation  for  the  equator  plane  is  indicated  on  the  revised  drawing, 
whereas  it  was  indicated  on  the  previous  version. 


2.  No  roundness  is  specified  for  spherical  dia. 

3.  No  surface  finish  is  specified  for  spherical  dia. 

4.  There  should  be  a definite  surface  specification  for  the  equator,  because  it  is  difficult 
to  check  equator  depth  or  hemisphere  size  unless  this  surface  is  lapped  flat  prior  to 
measurement.  The  flatness  should  be  2 microinches. 

5.  The  temperature  at  which  the  critical  dimensions  apply  should  be  specified. 

12699-302,  Cavity,  Rotor  Plated 

1.  Location  of  equator  with  respect  to  center  of  the  0.406250  spherical  diameter  requires 
clarification. 

2.  The  temperature  at  which  the  critical  dimensions  apply  should  be  specified. 

3.  Note  9;  index  mark  should  be  on  drawing  12700  and  not  on  this  drawing. 

4.  This  drawing  does  not  reflect  roundness  nor  surface  finish. 

5.  "Plate  thru  holes"  will  allow  the  plating  to  contact  the  Support  Ring.  Holes  should 
be  relieved  to  prevent  this. 

12700-302,  Cavity  Atxmbly,  Rotor 

A note  on  index  mark  location  and  dimensions  should  be  added. 

The  machining  of  the  0.680  diameter  and  rear  face  of  one  cavity  does  not  call  out  perpendicularity 
between  the  cavity  OD  and  the  step.  This  call-out  is  needed  because  it  affects  the  operation  of 
the  external  cavity  alignment  fixture. 

12SQ4  302,  Rotor 

Several  comments  are  required  on  this  drawing. 


1.  There  is  no  specification  of  roundness  on  the  major  diameter;  consequently,  roundness 
could  be  within  the  size  tolerance  of  ± 5 microinches.  PPD  feels  this  should  be  specified. 


Note  2 specifies  a machining  spec  to  be  followed  in  fabricating  the  rotor.  This  spec, 
ST01 15AA0010,  is  a general  machining  spec  regarding  tolerances,  surface,  finish,  etc. 
and  gives  no  information  regarding  the  fabrication  process.  It  would  seem  appropriate 
to  add  a note  referencing  AL700030  which  is  the  hot-lapping  procedure. 

The  intent  of  note  5 regarding  the  temperature  at  which  final  dimensions  are  to  be 
measured  is  not  clear.  The  10  F tolerance  allowed  on  the  temperature  represents  a 
diameter  change  of  approximately  26  microinches,  or  2.6  times  the  allowable  tolerance 
of  the  major  diameter.  Therefore,  a part  which  is  close  to  the  nominal  requirement 
could  be  brought  into  tolerance  by  merely  changing  the  temperature  at  which  the 
measurement  is  made.  PPD  needs  to  know  if  the  nominal  diameter  dimensions  speci- 
fied are  to  apply  at  the  75°  F with  correction  factors  being  applied  to  measurements 
made  at  other  temperatures,  or  if  the  measurements  can  be  made  anywhere  within 
the  temperature  range. 

No  surface  finish  is  specified.  PPD  realizes  the  difficulty  of  specifying  surface  finishes 
of  this  type;  however,  this  is  a possible  area  of  confusion  between  PPD  and  Autonetics 
when  these  parts  are  inspected.  An  agreement  between  AF,  PPD,  and  AGRI  should 
be  reached  regarding  this  requirement. 

The  material  called  out  on  this  drawing  is  beryllium  rod.  Rotors  made  from  this 
material  would  contain  no  tatalum  wire,  obviously  not  the  intent.  This  callout 
should  be  changed. 


Section  III 


TASK  2,  ESTABLISH  ALTERNATE  SOURCES  FOR  RAW  MATERIALS 


INTRODUCTION 


This  task  required  that  PPD  establish  sources  different  than  those  being  used  by  Autonetics  for 
the  critical  materials  and  processes  used  to  fabricate  the  MESG  rotors  and  cavities.  The  materials 
and  processes  which  require  alternate  sources  and  the  sources  used  by  Autonetics  are  listed  below. 


Material/Process 


Beryllium 


Tantalum  Wire 


Beryllium  Oxide 


Extrusion 


Source 

Brush  Wellman,  Inc. 

14450  N indry  Ave. 
Lawndale,  CA  90260 

Kawecki  Berylco  Ind.,  Inc. 
3711  Long  Beach  Blvd. 

Long  Beach,  CA  90807 

Norton  Metals  Division 
45  Industrial  Place 
Newton,  MA  02164 

3-M  Company 

Technical  Ceramics  Products 
6023  S.  Garfield  Avenue 
Los  Angeles,  CA  90040 

Ceradyne  Inc. 

8948  Fullbright  Avenue 
Chatsworth,  CA  91311 

Nuclear  Metals  Division 
2229  Main  Street 
Concord,  MA  01742 


VENDOR  SELECTION 


PPD  conducted  vendor  surveys  to  qualify  possible  new  vendors.  The  vendors  included: 
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• American  Beryllium  Company  for  both  beryllium  bar  stock  and  beryllia 

blanks.  ' 

• Coors  Company  for  beryllia  blanks. 

• Brush  Wellman  Company  for  beryllia  blanks  and  the  extrusion. 

• Kawecki  Berylco  Company  for  beryllium  stock,  tantalum  wire,  and 
extrusions. 

Several  other  sources  were  contacted  for  the  extrusion;  however,  only  Brush  Wellman  and 
Kawecki  Berylco  provided  quotes.  Both  companies  agreed  to  extrude  the  beryllium  billet  only 
from  their  own  beryllium  stock.  After  discussion  with  the  Air  Force,  KBI  was  selected.  While 
KBI  was  a secondary  source  of  beryllium  stock  for  Autonetics,  it  was  equally  improtant  to 
develop  another  source  for  the  extrusion. 

PPD  engineers  visited  KBI's  facility  on  14  February  1975  and  discussed  the  requirements  for 
alternate  source.  The  major  topic  of  the  discussion  concerned  specific  documents  (AGRI's 
Drawings  12795,  Billet,  Extrusion;  12796,  Extrusion  Rotor  and  AGRI's  Specification 
AB  0170-067). 

KBI  felt  that  they  could  meet  the  acceptance  requirements  of  AB  0170-067  with  two  exceptions: 

1.  Paragraph  3.2.2. 

Straightness  could  be  met  provided  roll  or  die  straightening  was  permitted. 

2.  Paragraph  3.2.3. 

Diameter  — KBI  felt  the  specification  requirement  could  be  met  provided  0.002  to 
0.004  in.  of  material  could  be  etched  off  after  the  material  was  extruded.  KBI  agreed 
to  quote  on  the  extrusion  based  on  the  specifications  and  above  exceptions.  PPD 
stated  that  they  would  require  documentation  such  as  X ray  and  other  inspection 
criteria  to  assure  compliance  with  drawings.  KBI  was  also  asked  to  submit  a quote 
on  preparing  documentation  required  to  control  the  extrusion  process. 

This  meeting  convinced  PPD  that  KBI  could  supply  the  beryllium  sleeve,  beryllium  rod,  and 
tantalum  wire  and  could  extrude  the  beryllium  billet  after  PPD  did  the  machining  and  assembly. 
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DETAILS  OF  KBI  EXTRUSION 


The  extrusion  received  from  KBI  consisted  of  the  three  sections  shown  in  figure  1.  The  over 
all  length  of  the  extrusion  was  1 13-7/8  inches.  The  nose  and  tail  sections  are  not  usable,  so  that 
the  usable  section  of  the  extrusion  is  the  88  1/2  inch  length  of  body.  Examination  of  this  sec 
tion  by  X-ray  showed  that  only  one  half  of  the  body  (nearest  the  tail  end)  had  wires  that  were 
continuous.  Figure  2 shows  an  analysis  of  the  extrusion.  The  lower  curve  shows  the  diameter 
(left  vertical  scale)  measured  in  two  perpendicular  directions  every  2 inches  along  the  length  of 
the  extrusion.  The  right  vertical  scale  is  the  extrusion  ratio  calculated  from  the  beryllium  billet 


Tail  Body  Nose 


Figure  1.  Beryllium  Extrusion 

dimensions  and  the  diameter  measurements  of  the  extrusion.  It  can  be  seen  from  this  curve 
that  the  most  uniform  section  of  the  extrusion  is  from  10  inches  to  60  inches.  However,  the 
extrusion  ratio  for  this  length  is  24.2,  less  than  the  desired  ratio  of  25. 

The  top  curve  shows  the  bolt  circle  radius  established  by  the  three  tantalum  wires.  The  left 
vertical  scale  is  the  wire  bolt  circle  radius.  The  right  vertical  scale  is  the  extrusion  ratio  calculated 
from  the  wire  locations  in  the  billet  and  the  measured  location  of  the  wires  in  the  extrusion. 

The  wire  bolt  circle  radius  was  measured  on  each  end  of  five  7-1/2  in.  long  segments. 

The  specified  wire  length  when  the  rotor  diameter  is  0.406050  in.  is  0.203  ± 0.010  in.  This 
length  requires  a wire  bolt  circle  radius  of  0.1728  to  0.1786.  This  was  achieved  in  only  one 
7-1/2  in.  length  of  the  extrusion  because  the  actual  extrusion  ratio  was  less  than  the  required 
ratio  of  25  to  1.  KBI  feels,  and  Northrop  agrees,  that  this  can  be  corrected  in  subsequent  extru 
sions. 

The  extrusion  process  is  defined  by  KBI  drawing  ZHC  41 17,  Rev.  B,  and  by  Standard  Operating 
Procedures  numbered: 

614-310  05.001 
614  31005.002 
614-310  05.003 
640-999  05.002 


730  975  05.001 
730  988  05.001 
1200  000  08.008 
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Figure  2.  Analysis  of  KBI  Beryllium  Billet  Extrusion 


These  documents  are  included  as  appendix  C. 


A review  of  these  documents  raised  questions  on  some  of  the  procedures.  KB  I responded  by 
letter,  included  as  part  of  Appendix  C. 

Evaluation  tests  of  the  extrusion  and  the  Brush  Wellman  beryllia  discs  were  conducted  by  the 
Charles  Stark  Draper  Laboratory,  Cambridge,  Massachusetts.  The  tests  conducted  were  micro 
yield  strength  and  modulus  of  elasticity  of  two  extrusion  specimens,  longitudinal  and  radial 
coefficient  of  expansion  of  one  beryllium  specimen  and  coefficient  of  expansion  of  one  beryllium 
oxide  specimen.  The  test  reports  are  included  as  appendix  D.  The  test  results  are  as  follows: 


Micro-yield  Strength 

Micro-Yield  Strength 


Sample 

(2  x 10'h  offset) 

Modulus  of  Elasticity 

1 

24,500  psi 

42.1  x 106  psi 

2 

16,000  psi 

43.0  x 106  psi 

Expansion  (95°F  to  210°F) 

Sample 

Coefficient  of  Thermal  Expansion 

Beryllium  Oxide 

2.91  x 10'6  in/in/°F 

Beryllium  - Longitudinal 

7.87  x 10'6  in/in/°F 

Beryllium  - Radial 

6.49  x 10'6  in/in/°F 

BERYLLIUM  OXIDE 

Coors  Porcelain  Company,  Golden,  Colorado,  was  originally  selected  to  supply  the  beryllium 
oxide  (Be  0)  discs  for  the  cavities.  These  discs  were  0.770  ± 0 010  dia.  by  0.290  ± 0.010  long. 

The  discs  as  received  met  all  inspection  requirements  and  were  processed  into  cavities.  Four 
cavity  assemblies  (P/N  12700-302)  were  manufactured  from  this  material  and  shipped  to  Autonetics. 
During  July  of  1975,  Coors  informed  PPD  that  after  the  end  of  1975  they  would  no  longer  accept 
orders  for  this  material  (see  appendix  E).  Northrop  then  selected  another  second  source  for  the 
Be  0 material.  The  vendor  selected  was  Brush  Wellman,  Elmore,  Ohio.  The  discs  received  also 
met  all  inspection  requirements,  but  were  not  processed  into  cavities  due  to  a change  in  scope 
by  the  Air  Force  to  Northrop's  contract. 
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MATERIAL  SPECIFICATIONS 


Northrop  developed  two  material  specifications  under  this  task  to  completely  define  the  material 
and  inspection  requirements  for  beryllium  and  beryllia  oxide.  These  specifications  (see  appendix  B) 
are: 


68848  Material  Specification  for  Standard  Grade  Beryllium 

68849  Material  Specification  for  Dense  Beryllia 


CONCLUSIONS 


Northrop  feels  that  the  material  and  extrusion  supplied  by  KB  I needs  further  evaluation.  The 
low  extrusion  ratio  and  the  discontinuity  of  the  tantalum  wire  in  the  extrusion  should  be 
evaluated.  Another  problem  that  developed  during  the  fabrication  of  rotors  from  this  material 
was  exhibited  as  voids  or  tear-out  which  occurred  during  lapping  of  the  rotors. 


Section  IV 

TASK  3.  TOOLING  FOR  BASELINE  CONFIGURATION 


INTRODUCTION 

As  noted  in  section  II,  approximately  75  tooling  drawings  were  received  as  part  of  the  Reprocu 
ment  Data  Package.  A list  of  these  drawings  is  included  in  appendix  A.  Comments  on  major 
difficulties  and/or  inconsistencies  in  AGRI  tooling  have  been  provided  in  section  II. 

PPD  DEVELOPED  TOOLING 


Table  I is  a list  of  tooling  and  fixtures  aeveloped  by  PPD  for  MESG.  Figures  3 through  8 are 
photographs  of  several  pieces  of  purchased  and  PPD-developed  equipments. 

Table  I 


PPD— Developed  Tooling  for  MESG 


Tool  No. 

Title 

96007 

Holding  Fixture  Roundness  Check  (M) 

96252 

Lapping  Fixture,  Cavity  (M)* 

96355 

Protective  Shield 

96359 

Rotor  Holder 

96360 

Rotating  Fixture,  Cavity 

96367 

Cavity  Holder 

96370 

Cleaning  Fixture,  Ball,  Cavity 

96395 

Rotor  Lapping  Machine  Modification 

96397 

Plating  and  Sputtering  Fixtures 

96399 

Rotor  Centering  Fixture 

96400 

Miscellaneous  Tooling 

96401 

Etalon  Micrometer 

96402 

Chrome  Target 

96403 

Gold  Target 

96404 

Interferometer 

96421 

Cavity  O.  D.  Grinding  Fixture 

96475 

Rotor  Holding  Fixture,  Mikrokator 

96494 

Proficorder  Draft  Shield 

(M)  = Northrop  modified  equipment 


Figure  6.  Etalon  Micrometer 
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Section  V 


TASK  4.  FABRICATION 


INTRODUCTION 

This  task  originally  required  PPD  to  build  three  groups  of  rotors  and  cavities  using  the  tooling 
covered  in  section  IV  and  according  to  the  data  package  discussed  in  section  II. 

The  first  group  consisted  of  six  rotor  and  cavity  sets  fabricated  from  raw  material  furnished  by 
the  Air  Force.  The  raw  material  consisted  of  12  eloxed  rotors  and  10  cavity  sets  in  the  preplate 
machined  condition.  After  fabrication,  the  six  rotor  and  cavity  sets  were  evaluated  by  the  Air 
Force  and  the  fabrication  techniques  were  approved.  The  second  group  of  four  rotor  and 
cavity  sets  were  then  built  using  raw  material  obtained  by  PPD  from  alternate  vendor  sources. 
After  approval  of  this  group  by  the  AF,  a third  group  of  10  rotor  and  cavity  sets  was  scheduled 
to  be  built  using  the  alternate  raw  material.  Due  to  a contract  change,  this  third  group  was 
eliminated  from  the  program.  Hence,  a total  of  10  rotor  and  cavity  sets  were  provided  to  the 
AF.  Fabrication  problems  encountered  in  this  task  and  their  solutions  are  described  in  this 
section. 

ROTORS 

Fabrication 


The  rotor  is  a solid  beryllium  sphere  about  0.4  inch  in  diameter.  Embedded  in  the  rotor  are 
three  tantalum  wires  sized  and  positioned  to  produce  the  mass  unbalance  required  by  the  gyro 
pickoff.  The  fabrication  cycle  for  the  rotors  (per  Autonetics  Spec  AL  70030)  begins  with  the 
extruded  beryllium  rod  stock  containing  the  tantalum  wires.  The  rod,  which  is  approximately 
100  inches  long,  is  cut  into  usable  sections.  The  following  steps  are  then  performed. 


1 . The  sections  are  Xrayed  to  determine  wire  continuity. 

2.  The  rod  ends  are  ground  and  polished  and  the  wire  ends  located. 

3.  A center  is  located  in  each  rod  end  based  on  the  center  of  the  wire  bolt  circle. 

4.  The  rod  OD  is  then  machined  concentric  to  the  centers  and  the  rod  is  ready  for 
electro  discharge  machining. 
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PPD  performed  these  operations  on  the  second  source  extruded  rod  with  no  serious  problems. 

The  next  operation  performed  in  fabricating  the  rotor  is  electro  discharge  machining.  This 
process,  in  which  material  is  removed  by  the  eroding  effect  of  an  electric  spark,  is  used  because 
it  produces  little  or  no  machining  stresses  in  the  work  piece.  The  process  is  also  referred  to  as 
eloxing  or  EDM. 

The  first  series  of  rotors  produced  by  PPD  used  material  provided  by  and  eloxed  by  Autonetics. 
Also  provided  were  several  lengths  of  extruded  beryllium  rod  unsuitable  for  rotor  use,  but  adequate 
for  developing  PPD's  eloxing  capability  prior  to  receiving  the  actual  second  source  extrusion. 

This  material  was  eloxed  on  PPD's  EDM  equipment  using  the  special  set  up  shown  in  figure  9. 

Both  spindles  rotate  at  specific  speeds  and  directions.  In  operation,  the  electrode  spindle  moves 
down  toward  the  beryllium  rod  almost  to  the  point  of  contact.  At  this  point,  a spark  is  formed 
in  the  gap  between  the  rod  and  electrode.  The  gap  length,  which  may  be  in  the  order  of  several 
thousandths  of  an  inch,  is  servo-controlled  by  the  machine  and  is  adjustable.  Other  parameters, 
such  as  gap  voltage  and  current,  duty  cycle,  and  electrode  OD  and  ID,  can  be  controlled  to 
achieve  optimum  cutting  conditions.  These  parameters  were  varied  until  an  acceptable  rotor 
(i.e.,  between  0.410  and  0.412  inch  diameter)  with  good  surface  finish  was  produced.  Rotor  to 
rotor  size  control  was  initially  good,  but  in  the  course  of  the  program,  the  electrode  spindle  was 
damaged  resulting  in  excessive  runout  (about  0.001  inch).  Not  enough  time  was  available  to 
permit  proper  repair  and  the  spindle  was  used  with  the  runout  problem.  The  rotors  that  were 
eloxed  at  PPD  from  beryllium  obtained  from  the  second  source  and  used  to  fabricate  shippable 
hardware  had  diameters  that  varied  a maximum  of  0.003  inch  from  piece  to  piece.  The  nominal 
diameter  of  these  rotors  was  0.412  in.,  and  the  surface  finish  was  quite  good.  The  spindle 
has  since  been  repaired  and  is  expected  to  yield  more  consistent  parts  in  future  operations. 

After  eloxing,  the  rotors  are  rough-lapped  in  a "three  leg  tapper"  so  called  because  there  are  three 
laps  in  contact  with  the  rotor.  This  device  is  shown  in  figure  10.  Successively  finer  lapping 
grits  are  used  to  bring  the  rotor  to  a diameter  of  0.406050  at  which  point  it  is  removed 
from  the  lapping  machine,  cleaned,  and  examined  under  20  X to  determine  the  surface  finish 
quality.  If  excessive  pits  or  scratches  too  deep  to  be  removed  in  later  operations  are  present, 
the  rotor  is  rejected.  If  it  is  acceptable,  the  wire  ends  are  located  and  marked  with  ink  and  the 
rotor  is  X-rayed  to  determine  the  wire  lengths.  Locating  the  wire  ends  is  a tricky  chore  requiring 
a skilled  operator  but  must  be  done  in  order  to  provide  a means  of  orienting  the  rotor  during  X ray. 
This  is  achieved  by  positioning  the  rotor  so  that  the  wires  are  horizontal  as  indicated  by  the  ink 
dots.  The  X-ray  is  recorded  on  Polaroid  film  and  the  wire  lengths  read  using  a toolmaker's  micro- 
scope. For  the  X-ray  equipment  used  by  PPD,  a correction  factor  must  be  applied  to  the  measured 
t wire  length.  This  is  caused  by  divergence  of  the  X rays  and  amounts  to  about  1.5%  or  0.003  inch. 

If  for  some  reason  X-rays  are  obtained  at  a different  diameter  than  0.406050,  the  wire  lengths 
obtained  must  be  corrected  to  what  they  would  be  at  this  diameter  in  order  to  have  a common 
basis  for  comparison. 
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Electrode 

Spindle 


Figure  9.  Electro-Discharge  Machining  (EDM)  Setup 
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Cold  lapping  in  the  "two  leg  tapper'  follows  X-ray.  This  machine  (see  figure  1 1 ) is  used  to 
further  reduce  the  rotor  size.  When  the  diameter  is  0.405750  in.,  the  lapping  temperature  is 
increased  from  room  temperature  to  147°  F at  which  the  remaining  stock  removal  is  performed. 
The  rotor  is  lapped  round  at  this  temperature  but  because  of  the  anisotropic  temperature  coef 
ficient,  is  out  of  round  by  approximately  30  microinches  when  returned  to  room  temperature. 

At  this  point  the  rotor  is  finish  pitch-lapped  in  the  three  leg  lap  machine  to  develop  an  optical 
finish;  it  is  then  cleaned  and  packaged. 

M»«wirem«nti 

Size  measurements  are  performed  on  the  rotor  at  various  times  during  the  build  cycle.  The 
critical  measurements  are  obtained  just  prior  to  final  pitch  lap  and  consist  of  size  (diameter) 
and  roundness.  Rotor  surface  finish,  although  critical  to  ESG  operation,  is  not  specified  quanti- 
tatively, but  rather  is  arrived  at  through  a subjective  visual  inspection  under  a microscope.  Surface 
finish  quality  is  designated  as  "good"  "very  good”,  etc.,  and  depends  on  the  skill  and  experience 
of  the  observer  for  legitimate  results.  Inspection  records  do  not  show  surface  finish  quality. 

Rotor  size  measurements  consist  of  measuring  the  maximum  and  minimum  diameters  during 
final  pitch  lapping.  This  is  done  several  times  until  a stock  removal  rate  is  established.  When 
the  rotor  size  is  0.405580  ± 5/j  in.  major  and  0.405550  ± 5p  in.  minor  diameter,  no  further 
measurements  are  made.  The  final  size  is  determined  by  lapping  for  a known  period  of  time 
and,  using  the  stock  removal  rate  obtained  previously,  computing  the  final  size.  Ten  p in.  of 
material  are  removed  in  this  operation  at  which  point  no  further  lapping  is  performed. 

A comparison  of  the  rotor  sizes  obtained  by  PPD  with  those  obtained  by  Autonetics'  Metrology 
Department  is  given  in  table  ||. 

Agreement  between  PPD  and  AGRI  for  the  first  7 rotors  (Z  series)  varies  from  poor  to  excellent 
with  no  apparent  trend  or  offset  in  the  data.  One  rotor,  Z16,  shows  the  largest  disagreement  with 
both  the  maximum  and  minimum  diameter  sizes  being  below  specification  value.  This  measure- 
ment could  possibly  be  in  error.  If  some  of  the  AGRI  data  was  not  in  fact  obtained  at  68° F,  there 
would  be  less  variation  in  the  results.  The  second  group  of  4 rotors  (NA  series)  is  expected  to  show 
improved  correlation  as  techniques  have  been  refined. 

Rotor  Yield 


Rotor  yield  was  significantly  affected  by  problems  associated  with  material.  On  the  first  group 
of  six  rotors  shipped  for  twelve  started,  17%  were  rejected  for  problems  related  to  material. 
These  problems  included  voids  and  inclusions  in  the  material  that  could  not  be  removed  during 
subsequent  lapping  operations. 
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Figure  11.  Two-Leg  Cold  Rotor  Lap 
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On  the  rotors  fabricated  from  material  supplied  and  extruded  by  KBI,  the  reject  rate  for  material 
related  causes  was  36%,  or  about  double  the  AF  supplied  material  rate,  the  major  problems  being 
tear  out  during  lapping,  inclusions  and  voids.  There  appears  to  be  a major  difference  in  these 
materials,  probably  due  to  the  manner  in  which  they  were  processed.  The  exact  causes  are  not 
presently  known,  but  should  be  investigated  and  corrected  for  future  program  use. 


Conclusions 


The  procedures  presented  in  Autonetics'  Specification  AL70030  for  lapping  MESG  rotors  were 
followed  closely  during  the  program  and  were  found  to  be  adequate  as  presented.  The  actual 
execution  of  the  various  operations  requires  considerable  skill  and  experience  on  the  part  of 
the  operator  for  successful  results.  This  is  especially  true  in  regard  to  the  final  lapping  and 
measurement  operations  where  loss  of  random  motion  in  the  lapping  machine  or  improper 
measurement  technique  can  result  in  a scrap  rotor. 


PPD  and  AGRI  Rotor  Diameter  Measurements 


Rotor 

S/N 

Max. 

O c 

A 

— 

Z13 

0.405568 

0.405540 

28 

Z16 

0.405559 

0.405531 

28 

Z18 

0.405562 

0.405535 

27 

Z20 

0.405566 

0.405539 

27 

Z21 

0.405565 

0.405535 

30 

Z22 

0.405568 

0.405540 

28 

Z23 

0.405571 

0.405545 

26 

NA-11 

0.405570 

0.405541 

29 

NA-14 

0.405565 

0.405540 

26 

NA  - 16 

0.405568 

0.405538 

30 

NA  -22 

0.405573 

0.405547 

26 

Max. 

AGRI 

Min. 

A 

Max 
Dia.  A 

Min 
Dia.  A 

" 

0 405560 

0.405532 

28 

- 8 

- 8 

0.405542 

0.405522 

20 

-17 

- 9 

0 405565 

0.405549 

16 

+ 3 

+14 

0 405560 

0.405535 

25 

- 6 

- 4 

0 405565 

0.405540 

25 

0 

+ 4 

0.405565 

0.405540 

25 

- 3 

0 

0405563 

0.405532 

31 

- 8 

- 13 

0.405566 

0.40C538 

28 

- 4 

- 3 

0.405567 

0.405537 

30 

+ 2 

- 3 

0.405566 

0.405538 

28 

- 2 

0 

0.405572 

0.405546 

26 

- 1 

- 1 

A = Max.  - Min.  Dia. 

A Max.  Dia.  = AGRI  max.  - PPD  Max. 

A Min.  Dia.  = AGRI  Min.  - PPD  Min. 

All  PPD  measurements  corrected  to  68°  F 

All  AGRI  measurements  are  believed  to  be  corrected  to  68° F 


Spec,  value 

Max.  dia.  0.405570  ± 10  micro  in. 
Min.  dia.  0.405540  ± 10  micro  in. 


CAVITIES 


Fabrication 


The  cavities  were  processed  according  to  AGRI  Spec.  AL70032.  The  controlling  drawings  for 
the  cavities  were  12698,  12699  and  12700.  Several  problems  were  encountered  during  fabrica 
tion  of  the  cavities  in  the  areas  of  sputtering,  slot  lapping  and  measurement. 

The  fabrication  cycle  for  the  cavities  begins  with  the  beryllia  blank  which  is  purchased  as  a disk 
(0.770-inch  diameter  by  0.290-inch  thick).  The  blanks  are  examined  for  uniformity,  cracks, 
surface  defects  and  properties.  They  are  then  machined  to  shape  and  ready  for  lapping  of  the 
equator  face  and  cavity. 

The  cavities  are  lapped  to  remove  minimal  material  to  improve  the  sphericity  of  the  cavity  and 
the  flatness  and  location  of  the  equator.  Next  the  cavities  are  cleaned  ultrasonically  in  a mixture 
of  acetone,  toluene  and  freon;  washed  in  aqua  regia  at  150°F;  rinsed  in  deionized  water  and 
finally  baked  at  1600°F.  The  parts  are  then  sputtered;  first  with  chromium  on  the  beryllia  to 
produce  a continuous  film,  and  then  with  gold  on  top  of  the  chromium  to  provide  a film  approxi- 
mately 50  microinches  thick. 

Masks  are  used  on  the  cavities  to  limit  the  material  being  sputtered  on  the  cavity  and  to  produce 
a defined  pattern  on  the  equator.  The  cavities  then  receive  a Niculoy  plate  on  top  of  the  gold  and 
are  ready  for  final  lapping  (per  Autonetics  Spec  AL70032). 

The  equator  face  is  lapped  on  a ceramic  lapping  plate  first  using  38-900  compound  to  remove  the 
excess  Niculoy.  This  is  followed  by  lapping  with  No.  'A  diamond  compound  to  achieve  flatness. 

The  piece  is  then  rough-lapped  using  a hand  held  cavity  tapper  and  No.  6 diamond  compound  with 
Naptha  as  the  vehicle.  This  operation  brings  the  cavity  to  0.40525  in.dia.  The  equator  is  lapped 
to  this  diameter.  The  rough  lap  process  is  continued  using  No.  3 diamond  compound  and  Naptha 
and  the  cavity  size  brought  to  0.40615  in  dia.  The  equator  is  lapped  again  to  match  the  diameter. 

Next,  the  cavity  is  lapped,  using  38  900  compound,  to  remove  plating  from  the  cavity  chamfer. 
After  the  chamfer  is  completed  and  inspected,  the  slots  are  lapped  in  the  hemisphere  to  form  the 
4 plates.  The  slots  are  then  inspected  for  symmetry,  width,  depth,  cleanliness  and  cavity  plate 
separation. 

The  cavity  is  now  ready  for  final  lapping  of  equator  and  hemisphere.  The  hemisphere  is  lapped 
to  final  size  of  0.406250  t 0.000010  inch  diameter  with  No.  3 diamond  compound  and  Naptha. 


The  equator  is  lapped  to  locate  the  center  of  the  spherical  diameter  outside  the  part  by  0 000005 
± 0.000003  in. 

The  cavity  halves  are  assembled  with  the  proper  alignment  rotor,  the  parts  are  scribed,  and  then 
ground  to  make  the  outside  diameter  of  the  2 cavity  halves  concentric.  The  cavities  are  then 
disassembled  and  final  measurements  of  size  and  roundness  are  made.  At  this  point  the  cavities 
are  finish  pitch  lapped,  then  cleaned  and  packaged. 

Sputtering 

The  sputtering  problem  manifested  itself  as  inadequate  adhesion  between  the  chrome  and  gold 
sputtered  material,  resulting  in  lifting  of  the  plating  at  the  slot  edges  and  near  the  equator.  These 
cavities  had  been  sputtered  at  PPD  in  a two  step  operation  in  which  the  chrome  target  (used  to 
deposit  a layer  of  chrome  on  the  cavity)  is  replaced  by  the  gold  target  for  depositing  gold.  Because 
of  the  type  of  equipment  available  at  PPD,  it  was  necessary  to  break  the  vacuum  in  the  deposition 
chamber,  thereby  exposing  the  newly  deposited  chrome  to  the  atmosphere  and  possible  contamina 
tion.  Concern  was  expressed  by  PPD's  M&P  Group  that  this  could  result  in  poor  adhesion.  How 
ever,  when  samples  were  tested  per  AGRl  instructions,  tensile  strengths  measured  3300  psi,  ex- 
ceeding the  AGRl  requirement  of  2000  psi.  Five  cavity  halves  sputtered  as  described  above  were 
processed  and  lapped.  Three  failed  for  plating  lifting  indicating  a serious  problem  existed,  quite 
probably  caused  by  the  two-step  sputtering  process.  Accordingly,  an  outside  vendor  with  equip 
ment  that  permitted  one-step  sputtering  was  found  and  cavities  and  samples  processed.  When 
tested,  the  samples  exhibited  a tensile  strength  of  5400  psi.  The  cavities  were  plated  and  lapped 
with  no  lifting  problems,  thereby  demonstrating  the  necessity  of  using  one  step  sputtering.  PPD 
has  recently  purchased  new  equipment  capable  of  one  step  sputtering  and  can  now  perform  this 
operation  in-house. 

Slot- Lapping 

The  slots,  which  separate  the  cavity  hemispheres  into  four  equal  parts,  are  cut  into  the  plating 
just  prior  to  finish  lapping.  On  the  first  group  of  six  cavity  sets  delivered,  AGRl  expressed 
concern  about  "dirty  slots"  which  might  indicate  excessive  amounts  of  plating  material  left  in 
the  slots.  This  could  result  in  a lowering  of  resistance  across  the  plates  and  degradation  of  gyro 
performance.  These  slots  were  lapped  with  aluminum  oxide  compound  and  Ferro  Tic  laps.  The 
second  group  of  four  cavities  was  lapped  with  Carboloy  laps,  a material  used  by  AGRl  which 
appeared  to  produce  cleaner  cuts  on  AGRl  made  cavities  These  laps  seemed  to  produce  slightly 
better  looking  slots.  A requiremei  to  check  resistance  between  the  plates  was  added  for  this 
group  and  when  measured,  all  cavities  exceeded  the  1000  megohms  resistance  specified.  None 
of  the  first  group  of  cavities  was  rejected  by  AGRl  for  interplate  resistance.  Therefore,  it  appears 
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that  although  cavities  produced  by  PPD  do  not  have  slots  as  clean  as  those  produced  by  AGRI, 
they  do  meet  drawing  requirements  and  are  usable  parts. 

Measurements 

There  are  two  critical  measurements  for  the  cavity  halves:  1 ) the  spherical  diameter,  and  2)  the 
equator  location.  These  measurements  are  made  with  comparators  referencing  a standard  cavity 
calibrated  by  Autonetics. 

Data  obtained  on  the  cavities  at  PPD  and  at  AGRI  is  given  in  table  III.  Shown  is  the  cavity  set 
serial  number,  spherical  diameter  and  equator  location  as  measured  by  PPD  and  AGRI,  and  the 
difference  of  the  measured  diameter.  Information  on  temperature  at  which  measurements  were 
made  is  also  given  where  Known. 

Inspection  of  table  III  shows  that  cavity  S/IM's  1,  2,  and  3 were  measured  by  AGRI  to  be  larger 
than  measured  at  PPD.  The  remainder  of  the  cavity  sets  show  diameter  agreement  within  reason 
able  limits.  The  discrepancy  in  the  first  three  sets  is  believed  to  be  caused  by  differences  in  the 
temperature  at  which  the  parts  are  measured  at  PPD  and  AGRI,  and  differences  in  the  tempera 
ture  coefficients  of  BeO  used  by  PPD  and  AGRI.  PPD  has  used  2.65  x 10  ‘6in/in/°F  as  the 
temperature  coefficient  of  BeO  throughout  the  program,  while  AGRI  has  used  3.7  x lO^in/in^F. 

Measurements  of  temperature  coefficient  made  on  Brush  Wellman  BeO  indicate  that  2 8 x 10~6 
in/in/°F  is  the  correct  value  about  room  temperature.  Starting  with  set  NA0007,  AGRI  used  this 
value  to  correct  diameter  size  to  68°F,  resulting  in  excellent  agreement  between  PPD  and  AGRI 
for  this  set  and  NA0008. 

An  additional  reason  for  lack  of  agreement  between  PPD  and  AGRI  for  the  first  series  of  cavities 
was  lack  of  consistency  in  the  calibrated  size  of  the  cavity  master  IM-7.  Several  size  values  were 
obtained  from  AGRI  for  this  master  before  consistent  data  was  achieved. 

Equator  location  correlation  has  been  good  except  for  the  first  three  cavity  halves  shipped.  This 
discrepancy  was  caused  by  a misinterpretation  of  the  drawing  callout  as  to  whether  the  center  of 
the  hemisphere  is  located  inside  or  outside  of  the  part.  The  correct  location  is  outside  the  part 
and  by  convention  is  given  a negative  sign. 

Conclusion 


PPD  feels  all  problems  involved  in  providing  second  source  fabrication  capability  for  MESG  cavities 
have  been  solved.  With  PPD's  procurement  of  one-step  sputtering  equipment,  no  further  adhesion 
problems  are  expected.  The  cavity  slots  produced  by  PPD  have  met  the  requirements  of  the 
drawings  and  size,  and  equator  location  measurements  made  by  PPD  on  the  last  cavity  sets 
shipped  have  shown  excellent  agreement  with  AGRI. 
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Table  III 

PPD  and  AGRI  Cavity  Measurements 


PPO 


AGRI 


Meas. 


Cavity 
Half  S/N 

Spherical 

Oia. 

Equator 

Location 

Temp. 

AGRI 

Spherical 

Oia. 

Equator 

Location 

A Dia 

AEqu. 

N0001  - 1 

N1 

0.406250 

- 

0.000004 

? 

0.406259 

+ 

0.000006 

+ 9 

+ 10 

N0001  - 3 

N1 

0.406250 

- 

0000004 

? 

0.406259 

+ 

0.000006 

+ 9 

+ 10 

N0002-1 

N2 

0.406250 

- 

0.000005 

? 

0.406255 

+ 

0.000002 

+ 5 

+ 7 

N0002  - 3 

N2 

0.406250 

- 

0.000005 

? 

0.406260 

- 

0.000004 

+ 10 

+ 1 

N0003 - 1 

N3 

0.406258 

- 

0.000002 

82°F 

0.406264 

- 

0.000004 

+ 6 

- 2 

N0003  - 3 

N3 

0.406258 

- 

0.000002 

82°  F 

0.406264 

- 

0.000001 

+ 6 

+ 1 

N0004-1 

N4 

0.406248 

- 

0.000003 

82°  F 

0.406250 

- 

0 000003 

+ 2 

0 

N0004  - 3 

N4 

0.406248 

- 

0.000003 

82°F 

0.406252 

- 

0.000003 

+ 4 

0 

N0005  - 1 

N5 

0.406245 

- 

0.000005 

82°F 

0.406246 

- 

0.000004 

+ 1 

+ 1 

N0005  -3 

N5 

0.406245 

- 

0.000003 

82°F 

0.406246 

- 

0.000001 

+ 1 

+ 2 

N0006-1 

N6 

0.406245 

- 

0.000003 

82°F 

0.406247 

- 

0.000001 

+ 2 

+ 2 

N0006  - 3 

N6 

0.406243 

- 

0.000004 

82°F 

0.406246 

- 

0.000002 

+ 3 

+ 2 

NA0007  - 1 

NA1 

0.406254 

- 

0.000Cn6 

77°F 

0.406251  * 

- 

0.000008 

- 3 

- 2 

NA0007  -3 

NA9 

0.406254 

- 

0.000006 

77°F 

0.406252  * 

- 

0.000006 

- 2 

0 

NA0008  - 1 

NA4 

0.406246 

- 

0.000006 

77°F 

0.406246  * 

- 

0.000005 

0 

+ 1 

NA0008  - 3 

NA12 

0.406246 

- 

0.000005 

77°F 

0.406245  * 

- 

0.000004 

- 1 

+ 1 

NA009-1 

NA2 

0.406258 

- 

0.000005 

? 

0 406256 

- 

0 000004 

-2 

+ 1 

NA009  - 3 

NA10 

0.406258 

- 

0.000005 

? 

0 406252 

- 

0.000000 

-6 

+ 5 

NA0010-1 

NA3 

0.406251 

- 

0.000004 

? 

0.406249 

- 

0.000003 

-2 

+ 1 

NA0010  -3 

NA1 1 

0.406250 



0 000004 

? 

0.406248 

- 

0.000007 

-2 

3 

Notes:  A = AGRI  measurement  PPD  measurement 


Dimensions  in  inches  except  A Dia.  & A Equ.  is  10  6 inches 
On  Equator  Locations,  + means  Equator  located  inside  the  part. 

All  PPD  measurements  made  between  68  and  73°F  and  corrected  to  68°F 
Spec.  Value 

Dia.  0.406250  ± 10  microin. 

Equator  0.000005  t 3 microin. 

'Corrected  to  68° F at  2.8p  in/in/°F 
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Section  VI 

TASK  5,  PRODUCT  IMPROVEMENT 


INTRODUCTION 


The  purpose  of  this  task  was  to  investigate  alternate  rotor  and  cavity  production  techniques  to 
effect  reduced  costs.  Areas  of  investigation  included  automatic  cavity  machining,  slot  lap 
material,  microinch  measurement  of  rotors,  rotor  stock  removal  techniques,  and  improved 
lapping  techniques. 

After  preliminary  investigation  of  all  these  areas,  PPD  selected  rotor  stock  removal  techniques 
as  its  major  effort  because  of  its  potential  to  achieve  the  most  cost  effective  results.  (The  labor 
involved  in  fabricating  one  MESG  rotor  is  very  high.) 

Stock  Removal 

PPD  investigated  several  different  methods  to  obtain  stock  removal  at  minimal  labor  cost. 
Chemical  etching  was  considered,  but  such  etching  is  not  feasible  because  the  beryllium  and 
tantalum  in  the  rotor  do  not  etch  at  the  same  rate.  Another  method  investigated  for  low  cost 
stock  removal  was  multi  lapping  techniques.  PPD  did  some  preliminary  investigation  on  design 
ing  new  lapping  machines  to  accommodate  two  and  three  rotors  at  the  same  time.  This  approach 
does  seem  feasible;  however,  the  machine  fabrication  cost  would  have  been  beyond  the  scope 
of  this  program. 

The  electrical  discharge  machining  of  the  extruded  beryllium  into  rotors  was  evaluated  and  PPD 
found  that  the  process  could  be  controlled  for  size  and  surface  finish  to  a smaller  diameter 
than  specified.  Autonetics  specified  in  specification  AL  70030  (revised  12/1 1/74),  that  "Rotors 
must  not  be  smaller  than  0.418  inches  in  diameter  following  elox  operation."  PPD  has 
determined  that  this  size  can  be  reduced  by  0.008  in.,  thereby  saving  the  labor  involved  to  lap 
rotors  this  amount.  Autonetics  has  concurred  and  revised  its  specification  on  4/30/75  to  read 
"smaller  than  0.410  in."  An  estimated  27%  of  total  lapping  labor  is  saved  by  reducing  the  rotor 
size  from  0.418  in.  dia.  to  0.410  in.  dia. 

TUMBLING  TECHNIQUES 

PPD  concentrated  its  remaining  effort  on  stock  removal  to  an  investigation  of  tumbling 
techniques.  PPD  engineers  visited  several  metal  finishing  companies  and  supplied  them  with 
rotors  to  determine  what  could  be  accomplished  by  different  tumbling  methods.  PPD  also 
asked  each  company  to  determine  stock  removal  rate,  media,  compounds  and  instruments  used. 
This  was  accomplished  and  the  results  were  very  encouraging. 
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PPD  pursued  several  parallel  paths  during  this  task.  Companies  expert  in  the  field  of  metal 
finishing  and  stock  removal  were  consulted  They  included  United  States  Products  for  both 
fine  and  aggresive  compounds;  Norton  Company  for  advice  on  different  type.;  of  media  for 
the  MESG  application;  Fortune  Metal  Finishing  for  investigation  of  and  advice  on  different 
instrumentation. 

PPD  then  purchased  two  different  types  of  stock  removal  equipment;  a barrel  tumbler  and  a 
vibration  tumbler.  PPD  also  purchased  several  different  types  of  media  and  stock  removal 
compounds  ranging  from  fine  polishing  compounds  to  coarse  aggressive  compounds.  The 
media  consisted  of  various  shapes  such  as  stars,  triangles,  random,  round  and  oblate  geometries 
made  from  different  materials. 

PPD  also  started  an  effort  going  in  its  own  machine  shop  to  remove  metal  and  to  determine 
the  best  media  and  compounds  to  be  used.  After  trying  many  different  types  of  media  and 
compounds,  PPD  decided  that  it  would  be  necessary  to  remove  approximately  30  microinches 
of  metal  per  hour  in  order  for  this  approach  to  be  cost  effective.  This  will  bring  the  rotor 
from  EDM  size  to  the  point  where  it  is  ready  to  X ray  in  about  1 week. 

The  following  paragraphs  describe  the  principles  of  barrel  and  vibrating  tumbling. 

Barr«l  Tumbling 

The  basic  principle  of  barrel  finishing  is  the  removal  of  stock  by  the  abrasive  action  of  a rotating 
mass  of  material.  The  abrasive  action  is  caused  by  a sliding  movement  of  the  upper  layer  of 
the  work  load  relative  to  the  barrel,  and  the  direction  in  which  it  rotates.  The  parts  or  work 
load  move  upward  with  the  rotation  to  a point  where  gravity  overcomes  the  tendency  of  the 
work  load  to  hold  together.  At  this  point  the  parts  and  media  cascaded  toward  the  lowest  point 
of  the  barrel.  The  abrading  action  takes  place  within  and  directly  under  the  sliding  top  layer. 
There  is  also  some  vertical  abrasion  which  takes  place  due  to  continuous  settling  of  the  load. 
Height  and  thickness  of  the  top  layer  and  the  extent  of  abrasive  action  varies  with  the  speed 
and  diameter  of  the  barrel.  This  should  be  controlled  to  produce  the  thickest  sliding  layer  with 
out  excessive  cascading  action  which  would  cause  damage  such  as  pitting  and  impingement.  The 
faster  the  barrel  rotates,  the  greater  the  stock  removal  (up  to  the  point  where  centrifugal  force 
exceeds  the  sliding  action  caused  by  gravity).  Impingement  takes  place  at  the  bottom  of  the 
slide,  before  the  parts  are  carried  under  the  media  mass. 
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Vibratory  Finishing 


The  basic  principle  of  vibratory  finishing  is  stock  removal  by  the  vibratory  action  of  abrasives 
against  parts.  The  vibration  of  the  barrel  causes  a rubbing  action  between  the  media,  parts 
and  compound  This  action  rectifies  the  vibration  and  produces  a tumbling  action.  The 
result  is  that  relative  motion  exists  between  parts  and  media  in  every  part  of  the  barrel.  The 
size  and  shape  of  the  media,  amount  of  abrasive  compound  and  amount  of  liquid  carrier  are 
very  critical  in  determining  the  stock  removal  rate. 

Comparison  of  Tumbling  Methods 

Although  vibratory  finishing  removes  stock  at  a slightly  higher  rate  than  barrel  finishing,  this 
method  has  disadvantages  which  offset  the  higher  rate.  The  major  disadvantage  is  additional 
surveillance  due  to  the  critical  ratio  of  the  amounts  of  media,  abrasive  compound  and  liquid 
carrier.  This  method  also  requires  daily  attendance  due  to  evaporation  of  the  liquid  carrier  while 
barrel  finishing  is  a closed  system  so  evaporation  is  not  a problem. 

The  tumbling  evaluation  conducted  was  aimed  at  achieving  1 ) a satisfactory  stock  removal 
rate,  and  2)  improving  the  surface  finish.  The  evaluation  was  confined  to  sizes  and  shapes  of 
tumbling  media  and  selection  of  tumbling  abrasives.  The  liquid  carrier  used  was  deionized 
water.  Although  water  has  a deteriorative  effect  on  beryllium  it  coula  be  disposed  of  easily. 

The  media  material  was  aluminium  oxide.  The  abrasives  tried  included  silicon  carbide, 
aluminum  oxide,  fused  aluminum,  corundum  and  garnet.  These  abrasives  are  either  natural 
or  artificial  crystalline  forces  and  vary  in  hardness  of  crystalline  structure.  The  first  abrasive 
tried  was  fused  aluminum,  a white  aluminium  oxide.  This  material  is  the  38  series  of  abrasives 
specified  in  AL  70030  for  lapping  rotors.  The  stock  removal  with  this  material  was  very 
low  (5  to  10  micro-inches  per  hour).  This  aluminium  oxide  has  a friable  crystalline  structure 
causing  the  particles  to  keep  breaking  down  into  smaller  particles  which  will  produce  a good 
surface  finish  but  ineffectual  stock  removal.  Additional  trials  with  other  abrasives  and  media 
shapes  resulted  in  the  following  selection  of  materials.  The  media  is  a ceramic  oblique 
equilateral  triangle  0.38  in.  per  side  by  0.20  thick  (Wisconsin  Porcelin  Company  F3/8T).  The 
abrasive  is  Corundum  AC  120  (manufactured  by  the  United  States  Products  Company)  which 
has  a softer  crystalline  structure  than  aluminum  oxide.  Moreover,  the  crystal  shape  produces 
much  better  cutting  action,  hence  faster  stock  removal. 

Figure  13  shows  typical  stock  removal  rate  on  an  MESG  rotor  of  0.410  in.  diameter.  The 
stock  removal  starts  at  28  microinches  per  hour  and  decreases  to  about  one  half  that  rate  in 
70  hours.  This  shows  that  the  abrasive  has  broken  down  to  the  point  where  it  is  worn  out 
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and  should  be  replaced.  The  stock  removal  rate  can  be  increased  by  about  a factor  of  four  by 
optimizing  the  speed  of  the  tumbling  barrel  and  its  diameter.  The  life  of  the  abrasive  can 
probably  be  increased  by  changing  the  media  from  ceramic  to  a softer  material.  The  fluid 
carrier  could  be  a liquid  such  as  Varsol  or  Soddard  Solvent. 

The  tumbling  process  shows  considerable  promise  as  a cost  effective  method  to  replace  the 
hand  lapping  procedure  presently  being  used  Further  evaluation  work  is  required  to  completely 
define  this  operation  and  determine  the  maximum  material  that  can  be  removed  before  lapping 
is  required.  An  estimated  38%  of  the  total  lapping  labor  could  be  saved  by  reducing  the  rotor 
size  from  0.410  in.  diameter  to  0.406  in.  diameter  by  the  tumbling  process.  The  0.406  in. 
diameter  is  the  point  where  hot  lapping  starts. 
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Figure  13.  Stock  Removal  Rate 
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Section  VII 

RELIABILITY  AND  MAINTAINABILITY 


RELIABILITY 


The  rotor/cavity  subassembly  is  the  most  critical  item  within  the  MESG  instrument.  The  fine 
finishes  and  extreme  tolerances  in  a difficult  geometrical  configuration  demand  an  inordinate 
amount  of  attention  during  the  fabrication  cycle.  As  automated  tools  and  machines  do  not  yet 
exist  to  produce  these  parts,  a high  degree  of  interface  becomes  necessary  between  the  parts, 
tools,  and  operator.  Of  these  three,  the  operator  is  the  least  reliable  element,  yet  remains  the 
most  important  because  of  his  versatility  and  decision  making  capability.  The  tools,  fixtures, 
and  processes  are  as  reliable  as  is  possible  at  this  stage  (state-of  the  art)  in  the  life  of  the  gyro. 

Rotors 

There  are  many  causes  affecting  the  fabrication  yield  of  rotors.  No  specific  tool,  fixture,  or 
process  can  be  charged  as  being  individually  responsible  for  this  yield,  because  rotor  quality  is 
not  established  until  the  final  stages  of  rotor  fabrication.  Should  the  rejection  cause  be  material 
related,  only  the  grossest  of  imperfections  can  be  detected  prior  to  the  rotor  reaching  a high 
level  of  polish.  At  this  time,  material  flaws,  too  small  to  be  seen  by  X ray  and  easily  hidden  by 
electrical  discharge  machining,  are  exposed. 


Perhaps  the  second  highest  cause  for  rejection  is  a scratch  or  gouge  too  deep  for  removal  during 
the  final  stages  of  lapping.  Fixturing  and  measuring  equipment  has  been  chosen  with  prevention 
of  damage  in  mind.  In  the  instances  where  the  rotor  comes  into  contact  with  hard  materials, 
the  surface  finish  of  these  materials  and/or  the  contact  pressure,  are  held  to  a level  to  prevent 
damage  to  the  parts.  In  other  instances,  the  material  in  contact  is  chosen  for  softness.  In 
both  cases  cleanliness  is  paramount  since  a hard  particle,  minute  in  size,  can  cause  sufficient 
damage  to  destroy  the  usefulness  of  a part. 

The  most  important  fabrication  technique  is  that  of  lapping.  It  is  here  that  the  skill  of  the 
operator  is  applied.  The  operator,  in  charging  the  lap,  establishing  lap  pressure,  and  assess 
ing  the  effectiveness  of  the  lapping  operation,  provides  the  judgement  factor  that  cannot  be 
economically  built  into  the  tools.  While  the  lapping  compounds  are  closely  controlled  for  size, 
they  do  offer  the  potential  of  destructive  damage  should  an  oversized  particle  appear  in  the 
compound.  The  total  effectiveness  of  this  operation  depends  upon  the  capability,  training,  and 
most  importantly,  the  motivation  of  the  operator. 
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Cavities 


The  causes  affecting  cavity  yield  are  also  numerous  The  largest  fallout  occurred  in  sputtering 
and  plating  closely  followed  by  slot  lapping.  A narrow  wall  carboloy  lap,  instead  of  Ferro  Tic, 
resolved  the  problem  of  plating  lifting  at  this  operation.  The  area  of  sputtering  and  plating  has 
received  considerable  attention  and  should  show  improved  yield  on  future  orders.  A full  discus 
sion  of  cavity  fabrication  problems  is  provided  in  section  5. 

Tooling  and  Instrumentation 

Reliability  of  these  items  was  improved  by  a number  of  means.  Etalon  micrometers  have  carbide 
anvils  to  increase  life  and  permit  relapping  if  required.  Master  cavities  have  been  made  of  beryllia, 
secondary  standards  of  tungsten  carbide.  Sheffield  Accutrons  were  obtained  with  ruby  sensor 
tips  and  ceramic  anvils  for  long  life  and  stability.  Air  buffered  electronic  instruments  replaced 
mechanical  contact  type  Mikrocators.  Ceramic  lapping  plates  are  used  for  their  characteristics 
of  easy  cleaning,  non-embedding  surfaces,  and  ability  to  retain  flatness,  thereby  allowirg  use 
with  different  compounds  without  requiring  grinding  as  a cleaning  operation. 

MAINTAINABILITY 


Maintainability  of  the  tools  and  fixtures  is  relatively  easy.  The  most  complicated  maintenance 
task  is  that  related  to  the  relapping  of  anvils  or  flat  plates.  The  critical  natures  of  the  rotors 
and  cavities  and  operations  require  frequent  maintenance  to  preserve  the  reliability  of  the  opera 
tion.  Bearings  of  the  two  and  three  leg  lapping  machines  are  (and  must  be)  lubricated  between 
fabrication  lots.  At  the  same  time,  drive  belts,  and  laps,  must  be  inspected  and  replaced  or  re 
conditioned.  Scheduled  for  inspection  at  less  frequent  intervals  are  the  flat  plates  and  inspec 
tion  anvils.  As  no  high  rate  of  production  has  yet  taken  place,  a rigid  schedule  of  maintenance 
has  not  been  established.  Table  IV  summarizes  the  Reliability/Maintainability  factors. 


Table  IV 

Summary  of  Reliability  /Maintainability  Factors 


Tool 

Reliability 

Maintainability 

Holding  Fixture  Roundness  Check 

High 

Low  Incidence 

Lapping  Fixture  Cavity 

High 

Low  Incidence 

Rotor  Holder 

Moderately  Low 

Unnecessary 

Rotating  Fixture,  Cavity 

Moderately  High 

Low  Incidence 

Cavity  Holder 

Moderately  High 

Low  Incidence 

Cleaning  Fixtures,  Rotors  and  Cavities 

Moderately  High 

Moderately  Low 

Rotor  Lapping  Machine  (Hot  Lapper) 

Moderate 

High  Maintenance  Required 

Plating  and  Sputtering  Fixtures 

Moderately  Low 

High  Maintenance  Required 

Rotor  Centering  Fixture 

Not  Used  on  This  Order,  Therefore  Not  Evaluated 

Etalon  Micrometer 

Moderately  Low 

High  Maintenance  Required 

Chrome  and  Gold  Targets 

High 

Low  Incidence 

Interferometer 

High 

Low  Incidence 

Cavity  O.D.  Grind  Fixture 

Moderately  High 

Low  Incidence 

3 Leg  Lap 

Moderate 

High  Maintenance  Required 

2 Leg  Cold  Lap 

Moderate 

High  Maintenance  Required 

Cavity  Automatic  Lapper 

Moderate 

Moderate 

Cavity  Hand  held  Lap 

Moderate 

Moderate 

Rotary  Proficorder 

High 

High  Maintenance  Required 

Rotor  Measuring  Instruments 

Extremely  High 

Moderately  High 

Cavity  Measuring  Instruments 

Moderate 

High  Incidence 
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Section  VIII 
SYSTEM  SAFETY 


INTRODUCTION 


Item  2.2  of  the  SOW  required  PPD  to  perform  a preliminary  system  safety  analysis  with  the 
objective  of  minimizing  unintentional  catastrophic  failure  and  physical  harm  to  bystanders. 

Since  over  all  system  responsibility  does  not  rest  with  PPD,  this  portion  of  the  safety  require 
ment  is  not  applicable.  However,  because  of  the  hazards  associated  with  machining  beryllium 
and  beryllia,  certain  safety  precautions  were  required  to  protect  personnel  and  these  efforts  are 
reported  in  this  section.  In  addition,  due  to  the  extremely  fragile  nature  of  the  parts  being  fab 
ricated,  numerous  precautions  were  taken  in  designing  the  work  areas  and  tooling  and  in  handling 
the  parts. 

PERSONNEL  SAFETY 

If  inhaled  in  high  concentrations,  beryllium  and  beryllium  oxide  dust  or  fumes  can  cause  serious 
illness  or  death.  Chronic  effects  due  to  exposure  over  long  periods  of  time  can  also  occur.  There 
fore,  it  is  essential  to  protect  workers  performing  operations  that  can  generate  dust  or  fumes. 

Dust  can  be  generated  during  rotor  and  cavity  lapping  operations.  Fumes  can  be  generated  during 
the  electro-discharge  machining  (EDM)  of  the  rotors  from  the  extruded  beryllium  rod.  To  pro 
tect  operators  from  the  potential  dangers  involved  with  these  operations,  special  enclosures  or 
work  areas  were  provided.  Standards  established  by  the  Massachusetts  Department  of  Labor  and 
Industries,  Division  of  Occupational  Hygiene  were  used  to  design  the  work  areas  (see  appendix  F 
for  complete  details).  A consulting  engineer  with  experience  in  these  areas  was  also  employed  to 
consult  on  PPD's  design  of  the  work  areas  and  to  perform  the  analyses  on  air  samples  taken  in 
the  various  areas. 

For  EDM  operations  on  the  rotor,  a special  Plexiglas  shield  was  designed  and  built  to  enclose 
the  entire  dielectric  fluid  tank.  Any  fumes  or  dust  particles  generated  during  EDM  are  carried 
off  by  the  vacuum  ports  and  hose.  This  possibly  contaminated  air  is  piped  into  a special  plant 
beryllium  vacuum  system.  The  air  is  then  filtered  to  remove  particles  and  vented  to  atmosphere. 

It  should  be  noted  at  this  point  that  all  operations  involving  beryllium  or  beryllia  are  performed 
"wet”,  that  is  in  the  presence  of  lapping  slurries  or  dielectric  fluid.  This  greatly  reduces  the 
possibility  of  air  borne  particles.  Figure  14  is  a photo  of  the  Electro-Discharge  Machine. 

Lapping  operations  on  the  rotor  and  cavities  are  carried  out  in  specially  modified  booths  shown 
in  figure  15.  The  faces  of  the  booths  are  covered  with  Plexiglas  into  which  circular  access  ports 
have  been  cut.  A 6-inch  diameter  main  vacuum  pipe  extends  the  length  of  the  rotor  booth  and 
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Figure  14.  Electro  Discharge  Machine 
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is  connected  to  the  plant's  central  beryllium  vacuum  system.  The  pipe  is  fitted  with  four  vacuum 
ports  along  its  length  which  are  opened  according  to  which  booth  is  in  use.  Access  to  the 
lapping  machines  is  achieved  by  use  of  the  access  ports  through  which  the  operator  extends 
his  arms  as  required.  With  this  system,  opening  only  the  access  ports  required,  200  cu.  ft. /min./ 
sq.  ft.  of  opening  can  be  achieved.  Venting  for  the  cavity  work  booth,  located  next  to  the 
rotor  booths,  is  accomplished  by  an  extension  of  the  6-inch  vacuum  main. 

Air -borne  beryllium  particles  in  the  room  are  measured  with  two  beryllium  monitors  mounted 
above  the  rotor  booths.  The  monitors  are  sampled  once  a week  by  PPD's  medical  department. 

All  concentrations  have  measured  well  below  the  maximum  allowable  2.0  micrograms  per  cubic 
meter. 

Personnel  engaged  in  beryllium  work  are  required  to  undergo  a physical  examination  administered 
by  the  company  medical  department  once  a year.  Successful  completion  of  the  examination 
results  in  issuance  of  a "beryllium  clearance"  to  work  in  areas  designated  as  beryllium  areas. 

, • - i I*’ 

Personnel  who  do  not  possess  a beryllium  clearance  are  not  permitted  to  enter  the  designated 
areas.  Personnel  working  in  the  lapping  room  wear  booties  and  smocks  and  when  engaged  in 
lapping  wear  rubber  gloves.  When  leaving  the  lapping  room,  personnel  are  required  to  wash 
their  hands  thoroughly  to  remove  any  dust  particles  that  may  have  adhered  to  their  hands.  These 
precautions,  adhered  to  in  the  MESG  lapping  area,  as  well  as  other  beryllium  areas  in  the  plant, 
have  resulted  in  an  excellent  safety  record  for  all  personnel  involved. 

IN  PROCESS  PRECAUTIONS 

The  rotor  and  cavity  set  is  the  heart  of  the  MESG.  Consequently,  the  fabrication  and  measure 
ment  process  require  very  stringent  controls  in  order  to  insure  a quality  end  product.  These 
controls  during  the  fabrication  process  involved  quality  of  lapping  compound  to  insure  that  no 
contaminants  are  present  in  compound  during  lapping  operations.  (Even  minute  particles  of 
contamination  will  scratch  the  rotor  or  cavity.)  Cleaning  of  parts  is  very  critical  before  changing 
compounds.  The  rotors  are  fabricated  from  beryllium  and  can  be  damaged  very  easily  from  dents, 
scratches,  digs,  gouges  and  particle  tearout.  The  rotors  go  through  many  lapping  operations  and 
are  handled  many  times  during  fabrication,  which  makes  the  probability  of  damage  very  high. 
Therefore,  PPD  has  made  a maximum  effort  to  incorporate  safety  features  into  all  fabrication 
fixturing  (e.g.,  special  handling  tweezers  for  removing  rotors  from  the  lapping  instruments  and 
special  tweezers  for  cavity  handling).  Every  lapping  instrument  has  been  covered  with  foam 
rubber  to  insure  that  no  damage  results  to  a rotor  if  it  falls  or  is  dropped  from  laps  while  being 
handled  near  instruments.  Each  operator  wears  rubber  gloves  while  fabricating  and  cleaning 
rotors.  All  of  the  handling  tools  and  instruments  have  been  designed  with  safety  of  the  part  in 
mind,  and  are  made  from  Teflon,  Nylon,  or  rubber.  All  tools  are  cleaned  prior  to 


placing  any  part  on  or  in  them.  All  laps,  holding  fixtures,  handling  tools,  and  glassware  have 
been  identified  so  that  no  part  can  get  placed  in  an  area  that  would  result  in  damage  to  the  part. 
Scratches  in  the  rotor  can  result  from  improper  lapping  pressure,  handling,  and  contaminated 
compounds.  Dents  and  dings  usually  occur  during  the  measurement  process,  typically  as  a 
result  of  excessive  stylus  pressure,  and  dropping  or  mishandling  the  rotor  or  cavity.  PPD  has 
investigated  potential  hazards  during  measurement  and  taken  steps  to  eliminate  them.  Each 
rotor  measurement  instrument  and  the  table  top  work  area  have  been  covered  with  foam  rubber. 
The  cavity  measurement  area  is  also  covered  with  foam  rubber  and  parts  are  handled  with  gloves 
and  special  tweezers.  Rotors  are  protected  from  damage  on  the  proficorder  by  drawing  a slight 
vacuum  on  the  rotor  holding  fixture  which  is  also  covered  with  foam  rubber.  The  cavity  is  pro 
tected  by  clamping  the  part  in  the  fixture.  Figure  16  is  a photograph  of  the  rotor  measurement 
area. 

All  these  efforts  have  resulted  in  minimum  loss  of  in-process  parts  from  accidental  causes. 


Figure  16.  Rotor  Measurement  Area 
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Appendix  A 


Listing  of 

AGRI  Tools,  Drawings,  and  Specs 


TOOLS 


Number 

10000-207 

10001-207 

10002-207 

10003-207 

10004-207 

10005-207 

10006-207 

10007-207 

10008-207 

10009-207 

10010-207 

10011-207 

10012-207 

10013-207 

10014-207 

10015-207 

10016-207 

10017-207 

10018-207 

10019-207 

10020-207 

10021-207 

10022-207 


Title 

Rotor  Lapping  Machine 

Base,  Rotor  Lapping  Machine 

Cartridge  Holder,  Rotor  Lapping  Machine 

Insulator,  Rotor  Lapping  Machine 

Shaft,  Rotor  Lapping  Machine 

Cap,  Rotor  Lapping  Machine 

Spindle,  Rotor  Lapping  Machine 

Body,  Rotor  Lapping  Machine 

Bushing,  Rotor  Lapping  Machine 

Clamp,  Rotor  Lapping  Machine 

Adapter,  Rotor  Lapping  Machine 

Pin,  Rotor  Lapping  Machine 

Lap,  Rotor  Lapping  Machine 

Lock  Pin,  Cartridge,  Rotor  Lapping  Machine 

Washer,  Rotor  Lapping  Machine 

Plate,  Rotor  Lapping  Machine 

Wheel,  Rotor  Lapping  Machine 

Trunnion,  Rotor  Lapping  Machine 

Shaft,  Crank,  Rotor  Lapping  Machine 

Spacer,  Rotor  Lapping  Machine 

Block,  Rotor  Lapping  Machine 

Slide,  Rotor  Lapping  Machine 

Way,  Rotor  Lapping  Machine 

■ 51  - 


Number 


10023-207 
10024-207 
10025-207 
10026-207 
10027-207 
10028-207 
10029-207 
10030-207 
10031-207 
10032-207 
10033-207 
10034-207 
10035-207 
10036-207 
10037-207 
10038-207 
10039-207 
10040-207 
10041-207 
10042-207 
10043-207 
10044-207 
1004 5-207 
10046-207 
10047-207 
10048-207 


Title 

Clamp,  Rotor  Lapping  Machine 
Handle,  Rotor  Lapping  Machine 
Bushing,  Rotor  Lapping  Machine 
Block,  Rotor  Lapping  Machine 
Pully  Motor,  Rotor  Lapping  Machine 
Cam,  Slide,  Rotor  Lapping  Machine 
Shim,  Motor,  Rotor  Lapping  Machine 
Bracket,  Rotor  Lapping  Machine 
Shield,  Rotor  Lapping  Machine 
Comparator,  Cavity  Spherometer 
Head  Spherical  Dia.  Comp. 

Tip,  Spherical  Dia.  Comp. 

Tip  and  Weight,  Spherical  Dia.  Comp. 
Support  Ring,  Spherical  Dia.  Comp.  ESG 
Nut  , Collet,  Spherical  Dia.  Comp.  ESG 
Cartridge  Holder,  Spherical  Dia.  Comp. 
Comparator,  Cavity  Equator  ESG 
Head,  Comp.  Cavity  Equator 
Tip,  Comp.  Cavity  Equator 
Comparator,  Cavity  Equator  Chamfer 
Head,  Cavity  Equator  Chamfer 
Pin,  Cavity  Equator  Chamfer  Comp. 

Gage,  Cavity  Equator  Chamfer 
Ring  Set  Master,  Cavity  Comp. 

Disc.  Set  Master,  Cavity  Comp. 

Slot  Lapping  Fixture 
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'v 


Number 


10049-207 

10050-207 

10051-207 

10052-207 

10053-207 

10054-207 

10055-207 

10056-207 

10057-207 

10058-207 

10059-207 

10060-207 

10061-207 

10062-207 

10063-207 

10064-207 

10065-207 

10066-207 

10067-207 

10068-207 

10069-207 

10070-207 

10071-207 

10072-207 

10073-207 

10074-207 

10075-207 


Title 

Holder,  Slot  Lapping  Fixture 
Base,  Slot  Lapping  Fixture 
Retainer,  Slot  Lapping  Fixture 
Rotator,  Slot  Lapping  Fixture 
Alignment  Gage,  Slot  Lapping  Fixture 
Cutter,  Slot  Lapping  Fixture 
Slide,  Slot  Lapping  Fixture 
Cavity  Lapping  Machine 
Holder,  Cavity  Lapping  Machine 
Lap,  Cavity  Machine 
Spindle,  Cavity  Lapping  Machine 
Spindle,  Cavity  Lapping  Machine 
Collar  Driver,  Cavity  Lapping  Machine 
Adapter,  Cavity  l.apping  Machine 
Standoff,  Cavity  Lapping  Machine 
Plate,  Side,  Cavity  Lapping  Machine 
Gusset,  Cavity  Lapping  Machine 
Arm,  Connecting  Cavity  Lapping  Machine 
Bracket  Assembly,  Cavity  Lapping  Machine 
Indicator,  Cavity  Lapping  Machine 
Crank,  Cavity  Lapping  Machine 
Arm,  Cavity  Lapping  Machine 
Block,  Pillow,  Cavity  Lapping  Machine 
Shaft,  Cavity  Lapping  Machine 
Bracket,  Cavity  Lapping  Machine 
Base,  Cavity  l.apping  Machine 
Indexing  Fixture  Pot  Chuck 
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Number 


Title 


10076-207 

10077-207 

10078-207 

10079-207 

10080-207 

10081-207 

10082-207 

10083-207 

10083-207 

10089-207 

10090-207 

10205-217-1 

10206-217 

66532-207 

66533-207 


Electrode  Elox 
Cavity  Holder 
Mask,  Sputter 
Cavity  Holder  Talyrond 
Cavity  Grind  Fixture 
Shield  Rotor  Lapping  Machine 
Cover  Rotor  Lapping  Machine 
Probe,  Temp.  - Rotor  Lapping  Machine 
Lap  Charging  Fix 

Rotor  Measuring  Fixture  - Talyrond 
Bake  Fixture,  Rotor 
Ball  Holder  (Bake  out! 

Cavity  Holder 

Rotor  Cleaning  Fixture 
Cavity  Cleaning  Fixture 


GYRO  DRAWINGS 


Number 

Title 

12504-302 

Rotor 

12698-302 

Cavity,  Rotor 

12699-302 

Cavity,  Rotor  (Plated) 

12700-302 

Cavity  Assembly, 

Rotor 

12795-302 

Billet  Extrusion 

Rotor 

12796-302 

Extrusion  Rotor 

I 
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SPECIFICATIONS 


Number 

AA0103-004 
AA0104-001 
AA 01 09- 008 
AA01 09-009 
AA0109-023 
AA0109-050 

AA0109-051 

AAO 110-008 
AAOl 10-028 
AA01 10-032 
AAOl 1 0-035 

AAOl 11-003  - 
AAOl 15-003 

AAOl 17-004 

AA0117-005 

AA0115-006 
AB01 70-067 

-»  AB02 10-007 

AB02 10-008 
A 1-70030 


Title 

Electrical  discharge  machining 

Marking  of  electrical  & mechanical  items 

Electrodeposition  of  a copper  strike  upon  base  i 

Deposition  of  electroless  nickel  phosphorous  jl.it  • 

Preparation  of  basis  metal  for  final  plating 

Sputter  deposition  of  chromium  & gold  on  beryl  lie 
oxide 

Electroless  deposition  of  nickel-phosphorous  plated 
gold 

Cleaning  of  beryllium 
Solvent  vapor  degreasing 
Abrasive  cleaning 

Solvent  and  detergent  cleaning  inertial  instrument 
components 

Thermal  treatment  of  beryllium 

Determination  of  magnetic  susceptibility  for  plati; 
used  in  precision  instruments 

Handling  of  flammable  and  dangerous  liquids  and 
chemica 1 s 

Safety  & environmental  health  requirements  for  the 
machining  and  handling  of  beryllium  alloys  & conpoui,1 

i 

Ceramic,  beryllium  oxide,  eense 

Beryllium  extruded  (for  precision  instrument 
applications) 

Trichlorotrif luorethane  (type  TF)  solvent,  high 
purity  grade. 

Solvent,  petroleum 

Hot  lapping  procedure  for  rotor 


^ - 
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Number 


Title 


AL70032 
ST01 1 5AA0010 
ST01 1 5AA0089 
ST01 1 5AA0103 

STOl 1 5AA01 14 
ST0140AB0012 
STOl 70AB0002 


Cavity  lapping  procedure 

Tolerances,  surface  finish  and  standard  configurations 
Radiographic  inspection 

Requirements  for  clean  rooms,  clean  work  stations, 
and  controlled  areas 

Penetrant  inspection,  general  requirements  for 
Grease  ball  and  roller  bearing,  sodium  base 
Beryllium  billet,  bar  and  shapes 
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Appendix  B 
PPD  Material  Specs 
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NOTE: 


Only  the  item  described  on  this  drawing  when  procured  from 
the  vendor(s)  listed  hereon  is  approved  by  Northrop  Corporation 
Electronics  Division,  Norwood,  Massachusetts,  for  use  in  the 
applications  specified  hereon.  A substitute  item  shall  not  be 
used  without  prior  testing  and  approval  by  Northrop,  Rockwell 
International  or  the  U.  S.  Air  Force. 
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68848 
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SCOPE 


1.1  This  specification  defines  the  requirements  for  standari 
:rade  beryllium  block  intended  for  qyro  app 1 icat ions . 

2 . APPLICABLE  DOCUMENTS 

2.1  The  following  documents  of  the  issue  in  effect  on  the  date 
of  invitation  for  bids,  form  a part  of  this  spec i f icat ion  to  the  extent 
specified  herein. 

SPECIFICATIONS 


Mi  1 itar' 


MIL- 1-6866 


Inspection,  Penetrant  Method  of 


STANDARDS 


Soc iet  y 

Military 

Federal 


American  Society  for  Testing  and  Materials 
Standard  Methods  of  Test  or  Approved  Equivalent 
MIL-STD-4S3  Inspection,  Radiographic 

FED-STD-151  Metals,  Test  Methods 


2.2  When  a requirement  of  an  applicable  document  is  in  conflict 

with  one  specified  herein,  the  requirement  specified  herein  shall  apply. 
When  a requirement  specified  on  a drawing  or  purchase  order  is  in  conflict 
with  one  specified  herein,  the  requirement  specified  on  the  drawing  or 
purchase  order  shall  apply. 


3 . REQUIREMENTS 

3.1  Material . The  materials  used  shall  be  of  such  quality  and 
purity  that  the  finished  product  shall  have  the  properties  and  character- 
istics prescribed  herein. 

3.2  Material  Composition.  The  material  supplied  shall  be  hot 
pressed  from  -325  mesh  virgin  powder. 

3.3  Condition . The  material  shall  be  supplied  hot  pressed  to 
meet  the  mechanical  property  requirements  of  this  specification.  Standard 
surface  finish  shall  be  125  microinches  AA,  maximum. 


3.4  Chemical  Composition.  The  material  shall  conform  to  the 

following  chemical  composition: 


STANDARD  GRADE  BERYLLIUM,  MATERIAL 
SPECIFICATION  FOR 


CODE  IOENT  NO. 

88932 


NONE 


60 


61 


3.8 

30  microns. 


Grain  Size.  The  average  grain  size  shall  not  exceed 


3.9  Tolerances . Material  furnished  under  this  specification 

shall  conform  to  the  dimensions  and  dimensional  tolerances  established 
by  the  purchase  order  and  applicable  drawings.  If  tolerances  are  not 
specified  by  the  purchase  order  the  following  standard  tolerances  shall 
apply. 


Diameter . Width  or  Thickness,  Inches 


Tol . Inch 


Up  to  3,  inclusive 
Over  3 to  20,  inclusive 
Over  20 


-0  + 1/64 
-0  + 1/16 
-0  + 1/4 


Length.  Inches 


Up  to  20,  inclusive 
Over  20 


-0  + 1/8 
-0  + 1/4 


QUALITY  ASSURANCE 


4.1  Quality  Control.  The  supplier  is  responsible  for  the 
maintenance  of  adequate  quality  control  necessary  to  ensure  that  the 
material  supplied  meets  the  requirements  of  this  specification.  The 
supplier  shall  afford  the  purchaser  all  reasonable  facilities,  including 
access  to  relevant  inspection  records  when  required,  to  satisfy  him  that 
material  is  being  furnished  in  accordance  with  this  specification. 

4.2  Quality  Conformance  Tests.  Tests  for  acceptance  of 
individual  lots  shall  consist  of  tests  for: 

a.  Chemical  composition. 

b.  Mechanical  properties. 

c.  Density. 

d.  Soundness. 

e.  Grain  Size. 

4.2.1  Chemical  Composition.  Each  lot  shall  be  tested  for  conformance 
to  the  chemical  compost  ion  requirements  as  specified  in  3.4. 

4.2.2  Mechanical  Properties.  Each  lot  shall  be  tested  for  conformance 
to  the  mechanical  properties  of  3.5. 
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4.2.3  Density.  Each  lot  shall  be  tested  for  conformance  to  the 
requirements  of  3.6. 

4.2.4  Soundness . Each  lot  shall  be  tested  for  conformance  to  the 
requirements  of  3.7  on  a test  blank  of  material,  1/2  inch  thick. 

4.2.5  Grain  Size.  Each  lot  shall  be  tested  for  conformance  to 
the  requirement  in  3.8. 

4 . 3 Test  Methods 

4.3.1  Chemical  Composition.  Samples  shall  be  tested  to  ASTM 
Standard  Methods  of  Test  or  approved  equivalent. 

4.3.2  Mechanical  Properties.  Samples  shall  be  tested  in  accordance 
with  ASTM  E8  and  Federal  Test  Method  No.  151. 

4.3.3  Dens  it v . Samples  shall  be  tested  in  accordance  with 
ASTM  B-311. 

4.3.4  Soundness . Radiographic  inspection  of  samples  to  a 
penetrameter  sensitivity  of  2%  shall  be  performed  in  accordance  with 
MIL-STD-453.  Penetrant  inspection  of  samples  shall  be  performed  in 
accordance  with  MIL-I-6866. 

4.3.5  Grain  Size.  Samples  shall  be  tested  in  accordance  with  ASTM 
E112,  Section  7b. 

4.4  Test  Report . Unless  otherwise  specified,  the  manufacturer 

shall  furnish  a certified  test  report  in  duplicate  to  the  Northrop 
Electronics  Buyer  referred  to  on  the  Purchase  Order,  giving  the  results 
of  tests  required  to  determine  conformance  with  the  chemical,  mechanical 
and  physical  property  requirements  specified  herein  of  the  hot  pressed 
powder  lot  or  lots  from  which  the  parts  were  made.  The  test  report  shall 
be  signed  by  the  Director  of  the  Laboratory  in  which  the  tests  are  conducted, 
or  by  any  person  designated  by  him. 

5 . PREPARATION  FOR  DELIVERY 

5.1  Packing . All  material  shall  be  packed  in  accordance  with 

the  best  practice  so  as  to  insure  against  the  occurrence  of  toxicological 
hazards  during  normal  shipment. 
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5.2  Marking . All  shipments  shall  be  marked  with  a description 

of  the  contents,  the  quantity  contained  therein,  the  name  of  the  manu- 
facturer, and  the  Northrop  Electronics  specification  and  Purchase  Order 
numbers . 

5.2.1  A "hazardous  material"  warning  label  shall  be  posted 

conspicuously  on  all  packages  or  lots  of  this  material,  such  as: 


WaMTUC 

Beryllium  Product 
Hazardous  Dusts  Produced 
when  Machined,  Filed  or  Ground 


6. 

6 . 1 

6.1. 

and 


NOTES 


Definitions 


1 Longitudinal  direction  is  parallel  to  the  directionof  pressing 

the  transverse  direction  is  in  a plane  90°  to  the  longitudinal  direction, 


6.1.2  Samples . The  term  samples  shall  denote  material  produced 
integrally  with  a block  and  for  purposes  of  quality  assurance  testing 
pursuant  to  the  requirements  of  section  3.  Samples  shall  be  located  in 
a block  such  that  they  bracket  the  block  as  shown  in  Figures  1 and  2,  or 
such  that  they  are  otherwise  representative  of  the  block. 

6.1.3  Lot . The  term  lot  shall  denote  material  submitted  for 
inspection  at  one  time  which  meets  all  of  the  following  conditions: 

(a)  Shall  be  of  a single  size  and  configuration. 

(b)  Shall  be  from  a single  block. 

6.1.4  Block.  The  term  block  shall  denote  a scalped  hot-pressing, 
or  a portion  thereof,  from  which  samples  are  taken  and  from  which  blanks 
are  taken. 

6.1.5  Blanks . The  term  blanks  shall  denote  pieces (of  a block)whose 
dimensions  are  such  that  a discrete  number  of  parts  are  intended  to  be 
produced  therefrom. 

6.1.6  Banding.  The  term  banding  shall  denote  relatively  large  areas 
of  a radiograph  which  vary  in  radiographic  density  as  compared  to  the  sur- 
rounding area.  Such  bands  are  sometimes  referred  to  as  variable  density  areas 
or  striations.  The  term  banding  does  not  encompass  discretely  resolvable 
radiographic  indications  of  inclusions  or  voids. 
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FIGURE  1 — CYLINDRICAL  BLOCKS 
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NOTE: 

Only  the  item  described  on  this  drawing  when  procured  from 
the  vendor (s)  listed  hereon  is  approved  by  Northrop  Corporation 
Electronics  Division,  Norwood,  Massachusetts,  for  use  in  the 
applications  specified  hereon.  A substitute  item  shall  not  be 
used  without  prior  testing  and  approval  by  Northrop,  Rockwell 
International  or  the  U.S.  Air  Force. 
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3.3.2  Cracks . The  material  shall  not  exhibit  any  crack  to  normal 

vision  when  tested  in  accordance  with  4.2  and  4.2.1. 


3.3.3  Surface  Defects.  Surface  defects  (defects  other  than  cracks 
or  discolorations)  shall  be  defined  as  discontinuities  or  depressions  in 
the  surface  of  the  material  which  are  visible  to  normal  vision  when  tested 
in  accordance  with  4.2  and  4.2.1.  (Normal  vision  will  generally  be 
considered  capable  of  observing  surface  defects  0.010  inch  in  diameter 
and  larger).  A visible  surface  defect  which  is  not  a discontinuity  shall 
not  be  cause  for  rejection. 

3.3.4  Discolorat ions . The  material  shall  not  exhibit  to  normal 
vision  any  discoloration  due  to  contamination  where  the  discoloration 
appears  as  discolored  areas  surrounding  cores  or  nodules  of  foreign 
materials  (i.e.,  iron  spots,  grinding  media  and  similar  contamination). 
Discolorations  not  containing  cores  or  nodules  of  foreign  material,  such 
as  pink  chrome  stains,  shall  not  constitute  basis  for  rejection  of  the 
material . 


3.4  Dimensions  and  Tolerances.  Unless  otherwise  specified  on 

the  drawing  or  purchase  order,  tolerances  shall  be  ±0.005  inch  or  ±1% 
of  the  specified  dimension,  whichever  is  greater. 


3.5 


Propert ies 


3.5.1  When  tested  in  accordance  with  the  specified  methods,  this 

material  shall  conform  to  MIL-I-10,  Class  L423,  with  the  exceptions  or 
additions  specified  in  Table  I. 


TABLE  I 

EXCEPTIONS  OR  ADDITIONS  TO  MIL-I-10.  CLASS  L423 


Property 

♦Apparent  Specific  Gravity, 
gm/cc,  minimum 


Value 


2.85 


Test  Method 
Paragraph 

4.2 


Cracks  and  Surface  Defects 

Thermal  Conductivity  at  106°C, 

cal/sec (cm^ ) (degree  C/cm)  minimum 


As  specified 
on  drawing 
0.42 


4.2  & 4.2.1 
4.2 


♦Specific  gravity  shall  be  taken  for  each  lot  of  substrates.  Other  test 
methods  such  as  "sink  float"  are  satisfactory  for  acceptance  requirements, 
provided  the  results  correlate  with  those  using  ASTM  C-20,  the  governing 
specification . 
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4 . QUALITY  ASSURANCE 

4.1  Quality  Control.  The  supplier  is  responsible  for  the 
maintenance  of  adequate  quality  control  necessary  to  ensure  that  the 
material  supplied  meets  the  requirements  of  this  specification.  The 
supplier  shall  afford  the  purchaser  all  reasonable  facilities,  including 
access  to  relevant  inspection  records  when  required,  to  satisfy  him  that 
material  is  being  furnished  in  accordance  with  this  specification.  In 
addition,  the  manufacturer  shall  furnish  the  purchaser  one  properly 
identified  sample  specimen  with  each  lot  of  material  shipped  that  is 
representative  of  the  manufacture  and  heat  treatment  of  the  lot. 

4.1.1  Lot . A lot  shall  be  defined  as  material  pressed  from  a 
blend  of  one  batch  of  powder.  If  a shipment  is  made  from  more  than  one 
lot,  the  purchaser  may  choose  to  consider  this  shipment  as  a single  lot 
or  may  separate  the  shipment  into  lots  for  acceptance  purposes. 

4.2  Test  Methods.  Tests  for  acceptance  of  individual  lots  shall 

be  conducted  in  accordance  with  those  specified  in  Table  II. 

TABLE  II 
TEST  METHODS 


Property 


Requirement 

Paragraph 


Test 

Method 


Cracks  & Surface  Defects 
Thermal  Conductivity 
Apparent  Specific  Gravity 
Flexural  Strength 


3.3 .2, 3. 3. 3, 3. 3. 4 

3.3.1 

3.5.1 
3.5.1 


MIL-I-6866 
ASTM  C-4  08 
ASTM  C-20 
ASTM  D-116 


4.2.1  Cracks  and  Surface  Defects 

4.2. 1.1  Rack  parts  to  reduce  surface  contact  prior  to  immersion  in 
dye  penetrant.  The  parts  shall  remain  submerged  for  4 to  6 minutes. 

4. 2. 1.2  After  removing  from  dye  tank,  allow  parts  to  drain  for  5 to  10 
minutes  prior  to  rinsing  (spray  or  dip)  in  tap  water  to  remove  unwanted  con- 
centrations of  dye.  Dry  in  circulating  eir  dryer  at  150  to  170°F  until  dry. 
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4. 2. 1.3  Inspect  for  cracks  and  surface  defects  by  transmitted  light 
(275  foot  candles,  minimum,  at  workpiece)  using  normal  20/20  vision. 
Magnification  may  be  used  for  "screening"  prior  to  inspection  to  reduce 
operator  fatigue.  Room  lighting  should  not  exceed  30  foot  candles  at  the 

work  area.  In  addition,  the  area  immediately  around  the  substrate  being  viewei 
should  be  masked  to  shield  direct  light  from  the  inspector's  eyes. 

4.2. 1.4  Incident  light  (angle  of  incidence  less  than  5°  to  surface  of 
substrate)  shall  be  used  to  detect  surface  defects  such  as  pits,  voids  and 
scores . 

4. 2. 1.5  Questionable  cracks  or  surface  defects  shall  be  verified  by 
the  use  of  magnification  up  to  30X  to  determine  and/or  verify  the  extent 
and  nature  of  the  defect. 

4.3  Test  Reports.  When  specifically  required  on  the  contract 

or  Purchase  Order,  the  manufacturer  shall  furnish  a certified  test  report 
in  duplicate  to  the  Northrop  Electronics  Buyer  referred  to  on  the  Purchase 
Order,  giving  the  results  of  tests  required  to  determine  conformance  with 
the  Chemical,  Mechanical,  Density  and  Thermal  conductivity  requirements 
specified  herein.  The  test  report  shall  be  signed  by  the  Director  of  the 
Laboratory  in  which  the  tests  are  conducted,  or  by  any  person  designated  by 


him. 

5. 

PREPARATION 

FOR 

DELIVERY 

5.1 

Packaging. 

The 

material  shall  be  packaged  in  accordance 

with  the  manufacturer's  commercial  practice  to  assure  safe  delivery  by 
common  carrier  and  prevent  contamination  by  dirt,  moisture  or  other  foreign 
material  during  normal  handling. 

5 . 2 Marking 

5.2.1  All  shipments  shall  be  marked  with  a description  of  the 
contents,  the  quantity  contained  therein,  the  name  of  the  manufacturer  and 
the  Northrop  Electronics  Specification  and  Purchase  Order  numbers.  In 
addition,  all  parts  contained  in  each  shipment  shall  be  marked  with  the 
manufacturer's  lot  or  batch  number  that  will  identify  the  processing  details 
to  which  the  parts  have  been  subjected. 

5.2.2  The  material  shall  be  marked  or  tagged  with  a suitable 
warning  notice  to  the  effect  that  the  material  may  be  toxic  when  ground 
or  filed. 
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6. 


NOTES 


6.1  Def init ions . The  follow ing  definitions  for  terms  used  in 
this  specification  shall  apply; 

6.1.1  Roughness . The  smallest  irregularities  on  the  surface  of 
the  substrate,  the  heights  of  which  are  of  the  order  of  ten  micro-inches. 
Roughness  Width  refers  to  the  distance  between  repetitive  patterns  of  these 
fine  spaced  irregularities.  Thus,  the  roughness  width  cutoff  value 
established  the  distance  on  the  surface  (in  inches)  which  is  used  in  com- 
puting the  arithmetic  average  deviation  (AA)  of  the  roughness  heights  from 
the  mean  value. 

6.1.2  Waviness . Irregularities  in  the  surfaces  which  are  more 
widely  spaced  than  the  roughness  irregularities.  The  waviness  height  is 
usually  specified  as  the  peak-to-valley  distance  in  inches.  Waviness 
width  is  the  distance  along  the  surface  in  inches  which  is  included  in 
computing  the  maximum  peak-to-valley  distance. 

6.1.3  Camber . The  gross  deviation  of  the  substrate  from  a plane 
surface.  The  total  of  the  curvature  of  the  substrate  as  a whole  plus 
out-of-parallelism.  A convenient  method  of  specifying  the  camber  is  to 
determine  the  ratio  of  the  difference  between  thickness  of  the  part 
measured  as  a whole  and  the  thickness  at  one  point  to  the  length  of  the 
part  (See  Figure  1) . 

6.1.4  Projections . Any  localized  irregularities  in  the  substrate 
surface  which  have  a convex  curvature.  Projections  are  not  periodic  as 
is  the  roughness  and  have  heights  at  least  10  times  the  arithmetic 
average  surface  roughness. 

6.1.5  Scratch.  A concave  surface  irregularity  which  is  at 
least  10  times  greater  in  extent  in  one  direction  than  in  all  other 
d irect  icn  s . 
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micrometer . 
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flange  micrometer  or  parallel 
plates  encompassing  the  entirs 
surface  or  *TIR  value  ©btained 
with  a dial  indicator  system. 

^ Part  length. 


Figure  1 - Cross  Section  of  Ceramic  Substrate 
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Appendix  C 


KBI  Letter,  Process  Specs  and 
Extrusion  Billet  Assembly  Drawing 


KAWECKI  BERYLCO  INDUSTRIES,  INC. 


P 0 Box  1462,  Reading,  Pa.  19603 
Telephone  215  /929  0781 


February  26,  1976 


Mr.  R.  0.  Westhaver 
Northrop  Electronics  Division 
100  Morse  Street 
Norwood,  Mass.  02062 

Dear  Bob: 

The  following  is  in  confirmation  of  my  verbal  communication  of 
February  24,  1976  concerning  questions  outstanding  from  our  meeting 
of  December  23,  1975  to  discuss  the  KBI  process  specification 
package  supplied  to  Northrop  Electronics  for  co-extruded  beryllium 
rod  containing  tantalum  wires: 

1 . Can  design 

The  plug  is  chamfered  to  lead  the  extrusion  billet  into  the 
guide  cone  and  die.  The  chamfer  was  not  continued  to  the 
outer  can  wall  since  it  was  felt  that  in  the  initial  stages 
of  upsetting  the  billet  the  chamfer  would  be  lost  anyway. 

The  can  wall  is  0.5  inches  thick  so  that  the  extrusion 
billet  can  be  accommodated  in  an  existing  extrusion  press 
liner . 

A spacer  ring  is  included  only  at  the  back  of  the  extrusion 
billet  assembly  to  avoid  non-uniform  pressure  on  the  billet 
from  weld  build-up  around  the  evacuation  tube. 

2.  Reference  SOP  614-310-05.001 

Diameter  0.62  + 0.030  - 0.000  inches  in  the  title  is  correct 
according  to  attachment  A exception  2 of  the  order. 

Page  2,  Inspection  of  Billets,  dimension  O.D.  4.250  + 0.030 
inches  does  include  measurement  of  the  copper  plating.  The 
length  dimension  is  incorrect  as  written  in  the  SOP  and 
should  read  7.0  inches  minimum  to  7.5  inches  maximum. 

Temperature  as  recorded  in  Figure  6 shows  that  temperature 
and  time  tolerances  in  section  3a,  page  2 of  the  SOP  were 
achieved . 
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KAWECKI  BERYLCO  INDUSTRIES.  INC 

Reading  Pj  19603 


Mr.  R.  0.  Westhaver 


-2- 


February  26,  1976 


3 . Reference  SOP  730-975-05.001 

On  page  4 of  this  SOP  after  Paragraph  3.3  the  title 
"Color  Etch"  should  have  been  inserted.  The  extrusion 
was  processed  as  called  out  in  Paragraphs  3.4  through 
3.12  of  this  SOP  and  subjected  to  etching  for  3 minutes 
only.  This  etching  procedure  removes  approximately 
0.0005  inch  maximum  of  metal  per  surface. 

4 . Tooling 

The  code  on  the  photographs  of  the  tooling  previously 
submitted  to  Northrop  Electronics  is  explained  as 
follows : 

RMI  C-815-1  Guide  cone 

RMI  DI-114  Die 

RMI  144-2  Runout  guide 

Die  angle  is  45  degrees 

5 . Extrusion  Billet  Temperature  Measurement 

The  temperature  of  the  extrusion  billet  is  measured  in 
the  furnace  during  pre-heating  only.  The  temperature  is 
not  measured  again  after  removal  of  the  billet  from  the 
furnace . 

The  foreign  body  detected  in  the  tail  of  the  extrusion 
could  conceivably  be  the  remainder  of  the  stem  attached 
to  the  outer  can  for  evacuation  purposes. 

6.  Future  Developments 

It  is  suggested  that  prior  to  future  extrusion  campaigns 
KBI  and  Northrop  Electronics  consult  together  to  determine 
potential  means  of  improving  the  yield  and  properties  of  the 
co-extruded  rod.  It  should  be  remembered  that  this  may 
necessitate  the  purchase  of  new  tooling  and  the  use  of 
additional  trial  runs.  Trial  runs  could  conceivably  be  made 
using  a beryllium  billet  only. 

I hope  these  explanations  satisfactorily  complete  our  current  obligations 
to  Northrop  Electronics  on  this  phase  of  the  program.  If  I can  be  of 
any  further  assistance  in  this  connection  and  for  any  future  program, 
please  let  me  know.  1 hope  that  I shall  be  seeing  you  again  in  the 
near  future. 


With  very  best  regards. 


/, 


( 


:/ 

v/.  ' i c 


A 


R.  C.  Fullerton-Batten 

Technical  Manager,  Beryllium  Programs 
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STANDARD  OPERATING  PROCCDURl 
KBI  - HAZLETON  RIANT 


ItcLiut,,  /r-^-a  friz 

Prepared  by  /Date  /Prod.  D^pKAfpr:  //Date 


i|Number : 

614-310-05.001 


Mfg^Engr.  Appr.  /Date 

DlUlVWok,  fi 


Qual.Assur.Appr. 


v- — . f ^ *~d-»  f-)2a. 

lacil.Engr*  App 


|Daie  Effective: 

August  25,  1975 


✓ 


/Uc-tL  Plant  Me 


Title: 

Extrusion  of  KBI  Beryllium  Billet  Assemblies  7.HC4117  Rev.  B into  0.62  +.030  inch 


Diameter  Rod 


-.000 


Re 


General  Purpose: 

Outline  procedures  and  practices  to  be  followed  at  RMI  Ashtabula,  Ohio  Extrusion  Plant  to 
extrude  Beryllium  Canned  Billets  into  rods  for  KBI 


Equipment: 

3850  Ton  "Lowey”  Horizontal  Extrusion  Press 
and  Auxiliary  Equipment 

Sunbeam  Fee.  with  auxiliary  controls  gas 
fired 


Tooling: 

GPO-Lubr icant 

Fishe  604-D  Lubricant 

Die  Ring  Dk.-95 
Dummy  Blocks  DU-469-4 
Guide  Cones  C-815-1 


If  at  any  time  an  operator  cannot  follow  tne  instructions  contained  herein,  he  MUST,  (1) 
notify  his  foreman  or  supervisor  of  the  problem  as  well  as,  (2)  make  a note  of  the  problem 
on  his  run  record  and/or  routing  sheet  He  SHOULD  NOT  take  corrective  action  or  alter 
his  required  operational  techniques  withe  a-  f:is*  having  supervisory  permission.  The 
exception  to  this  rule  would  be  emergency  action  prevent.,  (a)  personal  injury,  (b)  loss 
of  material,  or,  (c)  equipment  damage- 


Equipment  Continued: 

Industrial  Heating  Equipment  - Tooling  Fee. 
with  Auxiliary  Controls  - gas  fired 

Graphite  Cannisters 

Sling  type  hanger  with  monorail 


Tooling  Continued: 

Dies  DIH-3R1,  Dl-114  with  A-1687  filler  piect 
Bolster  BO-53 

Container  3856  (4.450  S.SF.S3 
Liner  Holder  No.  26-2 
Liner  No.  74-2 

Stem  ST-55-1  & SH-10-1  6.  ST-38-2 

Run  Out  Guide  Re-144-2  = 1.660"  x 1.250"  x 8- 

Lg. 

Assorted  Hand  tools  & inspect,  tools 

Wheeleo  Controller 

Easterline  Angus  recorder  for  PSI 


This  proprietary  information  is  rek*as  d to;  < u’p!  ir.t 

Official  Copi*  . 


See  last  page 

urou . bupr . Gnu  1 . Assur . I'urji  Pngi  Qp«’.' 
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KBl-  HAZLETON  PLANT  6l^--^'05  -001 L_ 

I nspection  t'f  Billets 

Beryllium  canned  billets  that  have  been  we Lded  and  copper  sprayed  will  be  d imens ional 1 v 
inspected  and  weighed  and  data  will  be  recorded  on  production  control  cards  (See  Figure  13." 

.030 

(s'!  Dimensions  - O.D.  4.250  + .030  --  Length  7.5"  min.  to  8.0"  max. 

!■  :< t nision  Prepara t ion 

(11  Upon  receipt  of  production  notification,  production  engineering  shall  issue  orders 
Figures  2,  3 , & 4 to  have  the  press  changed  in  time  to  start  the  production  campaign. 

After  changing  the  press  liner  and  stem,  maintenance  supervisor  shall  check  the  tw  for 
concentric  alignment.  Maximum  variation  of  + .050"  wilL  be  aLlowed  between  stem  and  liner. 

(21  Production  engineering  will  also  issue  Figure  7,  3,  &,  4 to  cover  all  supplies  and 
tooling  necessary  for  the  campaign.  Tooling  is  inspected  upon  receipt  from  OSV  and  placed 
in  tool  crib.  After  the  tooling  is  used  it  is  inspected  before  being  returned  to  tool  rib 
with  production  engineering  making  final  disposition  if  it  does  not  conform  to  print. 

(31  Billet  Pre-heating 

(al  Coat  canned  billet  with  GP-0  Lubricant,  place  it  in  graphite  cannister. 

Place  graphite  Lid  on  top  of  cannister  and  place  in  Sunbeam  furnace 
controlled  at  1600°  +.025  F on  low  fire  temperature.  Time  in  furnace  at 

_.000 

temperature  must  be  a minimum  of  2^  hours  and  a maximum  of  4 hours. 

(b)  Minor  tooling,  dummy  block  pre-heat  to  600°F.  Tooling  is  placed  in  tooling 
lurnace  the  night  previous  and  healed  at  600°F  overnight. 

(cl  Container  temperature  set  at  720°F  on  Wheelco  controller. 

x t rus i on  Cond i t i ons 

(ll  Tooling  Lubrication  - Fiske  D 
(21  Ram  Speed  40  - 60  I.P.M. 

(31  End  of  ingot  having  sealed  off  tube  against  press  stem. 

(41  Extrusion  air  cooled  in  run-out  trough. 

Procedure 


At  the  start  of  the  campaign  remove  die  from  tooling  furnace,  insert  it  into  the  die  ring. 

1 1 ncate  die  with  Fiske  D previous  to  extrusion. 

' «-> ■ • < "ne  from  tooling  furnace  and  place  it  into  liner  by  use  of  the  ram  in  front  of  die. 

iner  and  cone  with  Fisk.e  1 D Lubricant. 
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Remove  graphite  container  from  Sunbeam  furnace,  remove  lid  and  dump  out  of  cannister.  Using 
sling  type  hanger  on  monorail,  transfer  billet  to  the  press  and  place  on  billet  lift  with 
sealed  tube  stem  facing  the  press  stem.  Insert  billet  into  liner.  Dummy  block  is  positioned 
by  dummy  block  lift  and  inserted  into  liner.  Move  stem  forward  and  extrude  billet  through 
7 ft.  guide  tube  into  runout  trough  until  one-half  of  2"  long  plug  is  extruded.  Move  die 
forward,  push  rod  backout  of  die  and  shear  off  stud  rod  with  Maco  Shear.  Allow  rod  to  cool 
down  below  red  heat  before  transferring  it  to  insulation  material  on  floor. 

Data  taken  during  the  extrusion  will  be  recorded  on  Figure  1 with  psi  chart  from  Esterline 
Angus  recorder  Figure  5 showing  pressing  during  the  push.  Speed  of  ram  is  automatically 
set  and  read  from  a dial  gage  on  extrusion  press  control  equipment.  Time  at  temperature 
for  billet  will  be  recorded  from  a thermocouple  in  the  billet  Figure  6 and  thermocouple  in 
the  furnace  Figure  7. 
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STANDARD  OPERATING  PROCEDURE 
KBI  - HAZLETON  PLANT 


Title- 

Evacuation  and  copper  spraying  of  KBI  Billet  Assembly  ZHC-4117  Rev.  B. 


General  Purpose: 

Establishment  of  a standard  method  to  be  followed  by  production  in  the  evacuating 
sealing  off  and  copper  spraying  of  KBI  Billet  Assembly  ZHC-4117  Rev.  B. 


Equipment: 

Wheelabrator  air  blast  equip,  or  sand  blasting 
equip.  --  Metco  Type  2MC  Plasma  flame  spray  or 
Metco  Type  BC  metallizing  gun  --  vac.  system 
manifold  with  fore  pump  - Muffle  type  fee. 
with  temperature  controller 


Tooling : 

Copper  powder  or  copper  wire 
oxide  or  sand  - oxyacetylene 
asbestos  gloves  - firebrick 


- aluminum 
torch  - 


If  at  any  time  an  operator  cannot  follow  the  instructions  contained  herein,  he  MUST,  (1) 
notify  his  foreman  or  supervisor  ol  the  problem  as  well  as,  (2)  make  a note  of  the  problem 
on  his  run  record  and/or  routing  sheer.  He  SHOULD  NOT  take  corrective  action  or  alter 
his  required  operational  techniques  without  l.rsr  having  supervisory  permission.  The 
exception  to  this  rule  wouid  be  emergency  action  to  prevent,  (a)  personal  injury,  (b)  loss 
of  material,  or,  (c)  equipment  damage 


1.0  Procedure. 


1.1  Place  welded  and  leaked  checked  assembly  into  muffle  type  furnace  allowing  3/8  inch 
diameter  steel  tubing  to  stick  out  approximately  25". 

1.2  Affix  evacuation  tubes  on  vacuum  system  manifold.  Start  vacuum  pump,  open  valves 
and  evacuate  to  less  than  10  microns. 

1.3  Close  door  or  seal  opening  around  steel  tube  and  turn  furnace  on,  run  for  a minimum  of 
6 hours  at  1650  +25°F.  After  6 hours,  if  vacuum  is  10  microns  or  less  turn  the  power 

- 0 

off  leaving  vacuum  on. 

1.4  Open  furnace  or  remove  seal  around  tube  to  permit  rapid  cooling  of  billet.  Vacuum 
should  be  less  than  10  microns  before  proceeding  to  1.5. 
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KBI-  HAZLETON  PLANT  — 

1.5  Remove  billet  still  connected  to  the  vacuum  system  to  a flat  table  or  floor.  Place 

anvil  under  stem,  approximately  IV  from  face  of  tail  plug.  Using  oxyacetylene  torch 
heat  a portion  (3"  long)  of  the  steel  tube  above  the  anvil  to  a red  heat.  With  a flat 
face  hammer,  flatten  the  heated  portion  of  the  tube.  Adjust  torch  to  maximum  heat 
and  point  concentration  and  severe  tube  through  center  of  flattened  area  by  making  i 
fusion  weld . 


1.6  Using  either  a Wheelabrator  air  blaster  or  sand  blasting  equipment,  blast  the  O.D. 

with  either  aluminum  oxide  or  sand  to  remove  the  oxidized  steel  and  other  contaminants. 


1.7  Copper  spray  the  O.D.  six  to  ten  mils  on  a side  using  either  a Metco  Type  2MC  Plasma 
flame  spray  with  Metco  Type  55  powder  or  Metco  Type  BC  metallizing  green  or  thin 
equivalents . 
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Assemble  and  Welding  of  KBI  Billet  Assembly  ZHC-4117  Rev.  B 


General  Purpose: 

Establishment  of  a standard  method  to  be  followed  by  production  in  assemblying  and 
welding  of  KBI  Billet  Assembly  ZHC-4117  Rev.  B 


Equipment: 
P&G  400  a 


P&G  400  ampere  D.C.T.I.G.  Welding  Machine 
Welder  Sales  300  ampere  D.C.-A.C.  welded 
machine.  Consolidated  helium  leak  detector 
Model  24-120  or  equivalent 


Toonng: 

Welding  shield  or  goggles  - welding  gloves 


liquid  nitrogen  - helium  - welding  rods 
E7018  oxyweld  65  or  equivalent  - steel 
s tamps 


If  at  any  time  an  operator  cannot  follow  •».<  mwuCLons  contained  herein,  he  MUST,  (1) 
notify  his  foreman  or  supervisor  of  ;h*  p-olutm  as  we!!  as,  (2)  make  a note  of  the  problem 
on  his  run  record  and/or  routing  sheet  He  SHOULD  NOT  take  corrective  action  or  alter 
his  required  operational  techniques  with  etc.  fust  having  supervisory  permission.  The 
exception  to  this  rule  would  be  emergency  t ctio.n  'o  prevent,  (a)  personal  injury,  (b)  loss 
of  material,  or,  (c)  equipment  damage 


1 .0  Procedure 


1.1  Weld  3/8"  diameter  x .060  wall  x 27"  long  low  carbon  steel  tube  (Item  4)  to  inner 
surface  of  Item  2 using  TIG  welding  with  Linde  oxyweld  65  rod  or  equivalent. 


1.2  Place  inner  surface  or  plug  over  orifice  of  leak  detector.  Seal  O.D.  of  plug  to 
top  of  leak  detector  with  "Silly  Putty"  or  equivalent.  Plug  end  of  tube  opposite 
welded  end  and  pump  down  assembly.  Flood  helium  gas  around  tube  where  it  projects 
from  2"  long  plug.  While  pulling  vacuum  on  welded  joint,  no  helium  detected  the 
welded  joint  is  satisfactory.  Remove  plug  from  end  of  tube  and  remove  part  from 
leak  detector. 


1.3  Steel  stamp  XT  number  on  outer  surface  of  2"  long  steel  plug. 

1.4  Glass  bead  blast  I.D.  of  steel  can  Ttem  3,  inner  surfaces  of  Item  1 & 2,  and  all 
surfaces  of  Item  5 at  a maximum  pressure  of  40  psi  until  all  contamination  is  removec 


1.5  Assemble  per  SOP  730-988-05,001  for  solid  billet,  placing  face  of  beryllium  billet 

containing  a horizontal  piece  -«f  tantalum  next  to  Item.l  or  the  nose  of  the  assembly 
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1.5  continued  --  Place  washer  on  other  end  of  billet  before  inserting  Item  2. 

1.6  Locate  plugs  approximately  1/4"  into  both  ends  of  assembly  in  contact  with  the 
beryllium  billet  and  weld  plugs  into  place  using  either  manual  shielded  arc  with 
E7018  rod  or  TIG  weld  with  Linde  Oxyweld  65  rod  or  equivalent. 

1.7  Connect  3/8  inch  diameter  steel  tube  into  helium  leak  detector.  Pump  down  assembl 
and  flood  each  welded  joint  with  helium  separately,  no  helium  detected  on  the  Leak 
detector  the  assembly  is  welded  satisfactorily. 
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1.5  continued  --  Place  washer  on  other  end  of  billet  before  inserting  Item  2. 

1.6  Locate  plugs  approximately  1/4"  into  both  ends  of  assembly  in  contact  with  the 
beryllium  billet  and  weld  plugs  into  place  using  either  manual  shielded  arc  with 
E7018  rod  or  TIG  weld  with  Linde  Oxyweld  65  rod  or  equivalent. 

1.7  Connect  3/8  inch  diameter  steel  tube  into  helium  leak  detector.  Pump  down  assembly 
and  flood  each  welded  joint  with  helium  separately,  no  helium  detected  on  the  leak 
detector  the  assembly  is  welded  satisfactorily. 
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Title: 

Decladding  of  Lockalloy  and 

U T 

Beryllium  Extrusions 

General  Purpose: 

This  procedure  covers  the  decladding  of  Lockalloy  and  Beryllium  extrusions. 


Equipment: 

Toonng: 

Stainless  steel  decladder  & auxiliary  equip. 

Acid  resistant  gloves 

Drawings  HB-5994-5-6-7  6"  x 6"  x 50"  long 

Acid  resistant  apron 

fiberglas  tray  Spent  acid  tank  - exhaust  duct 

Soapstone 

system  Electric  pump  - Serfilco  Model 

Face  shield 

PP8200-BOP 

If  at  any  time  an  operator  cannot  follow  the  instructions  contained  herein,  he  MUST,  (1) 


notify  his  foreman  or  supervisor  of  the  problem  as  well  as,  (2)  make  a note  of  the  problem 
on  his  run  record  and/or  routing  sheet  He  SHOULD  NOT  take  corrective  action  or  alter 
his  required  operational  techniques  without  firs;  having  supervisory  permission.  The 
exception  to  this  rule  would  be  emergency  action  to  prevent,  (a)  personal  injury,  (b)  loss 
of  material,  or,  (c)  equipment  damage 

1 .0  General : 

This  procedure  covers  the  decladding  of  lockalloy  and  beryllium  extrusions. 

2.0  Procedure : 

2.1  Upon  receipt  of  the  cut  extrusions  from  OSV,  identity  scribed  on  the  end,  Process 
Engineering  will  check  and  retain  identity  of  parts  to  be  declad  against  operation 
route  sheet  and  forward  information  to  Production  Control. 

2.2  Inspection  will  list  all  numbers  on  the  routing  sheet  and  issue  the  routing  sheet 

to  Production.  NOTE:  In  some  cases  it  will  be  necessary  to  have  a separate 
routing  for  each  piece.  EXAMPLE:  HUGHES  TUBING. 

2.3  Turn  on  light  and  exhaust  system  at  decladder.  (Figure  1 (HB-5995)  is  a schematic 
of  the  decladder  showing  location  of  valves  and  gages  referred  to  in  this  SOP. 
Valves  and  gages  are  also  labeled  on  the  machine) . 
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_>£.4  Put  on  acid  resistant  apron,  face  shield  and  acid  resistant  gloves. 

2.5  Check  to  make  sure  all  valves  are  closed. 


Number: 

Rev: 

Page  of 

640-999-05.002 

2 U 

2.6  Open  lid  of  decladder  storage  tank.  Place  water  hose  inside  of  storage  tank,  turn  on 
water  and  fill  tank  to  line  marked  on  inside  of  tank  (approx.  90  gallons). 

2.7  Turn  off  water,  remove  hose,  close  all  lids  and  securely  fasten  with  toggle  clamps. 
All  valves  on  decladder  should  be  closed. 


2.8  If  electrical  pump  is  available,  obtain  same  and  proceed  per  Para.  2.9.  If  electrical 
pump  is  not  available,  proceed  as  per  supplement  at  end  of  SOP. 

2.9  Obtain  electrical  pump  and  extension  cord  from  the  electrical  shop.  Remove  cap  from 

55  gallon  drum  of  42  Baume  Nitric  Acid.  NOTE:  NO  ACID  OTHER  THAN  NITRIC  ACID  SHOULD 

BE  PUMPED  INTO  THE  DECLADDER  OR  IT'S  PUMPING  SYSTEM.  Flush  pump  throughly  with  water 
before  using.  Insert  electrical  pump  intake  into  drum. 

2.10  Place  outlet  hose  into  decladder  storage  tank.  Close  lid. 

2.11  Plug  into  electrical  outlet,  start  pump  and  pump  until  drum  is  empty. 

2.12  Remove  pump  from  drum  and  flush  pump  throughly  with  water.  Remove  outlet  hose  from 
decladder  storage  tank  and  rinse  throughly. 

^3  Turn  on  Worthite  pump.  Open  valve  'A'  when  pressure  gage  reads  10-15  pounds,  then 
open  valve  'C' . 

2.14  Place  material  to  be  declad  onto  racks  in  decladder.  Charge  the  following  number  of 

parts:  (Maximum) 

a)  Lockalloy  straps  - 35,  b)  Lockalloy  angles  - 18,  c)  Beryllium  clad  with  steel 

2.15  Close  and  lock  all  lids. 

2.16  If  temperature  of  acid  is  not  at  140-150°F,  open  main  steam  valve,  outside  of  decladder 
enclosure  and  open  valve  in  ’ L' . When  temperature  reaches  140-150°F,  close  valve  'U' 

and  main  steam  valve. 

2.17  Close  valve  'C' . 

2.18  Open  valve  'D' . Acid  will  now  fill  tank,  come  out  over  the  overflow  into  the  storage 
tank.  Regulate  valve  'D1  to  have  a slight  flow  of  acid  over  the  overflow.  If  temperature 
of  acid  exceeds  175°F,  or  if  heavy  fumes  are  inside  of  decladder  dump  acid  into  storage 
tank  as  follows: 

Quickly  close  valve  'A'  and  'D'  open  'G'  and  'C' , pumping  acid  into  decladder  storage 
tank.  Allow  to  cool  140°F  before  pumping  back  into  decladder. 
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2.19  Allow  to  run  1-1^  hours. 

2.20  Close  valve  'A'  and  'D' . 


2.21  Open  valve  'G'  and  'c'.  (acid  will  now  flow  back  into  the  storage  tank) 

2.22  When  decladder  is  empty,  i.e.  all  acid  is  in  storage  tank.  Stop  Worthite  pump. 

Open  lid  and  rinse  pieces  with  water.  Drain  rinse  water  into  floor  drain  by 
opening  large  exit  valve. 

2.23  Turn  parts  180°. 

2.24  Close  and  lock  all  lids,  closs  all  valves.  Start  Worthite  pump. 

2.25  Open  valve  'A'  and  'D' . Repeat  steps  2.17  through  2.21. 

2.26  Visually  examine  all  pieces  for  steel  on  beryllium  or  copper  on  lockalloy.  If  all 
steel  has  been  removed  rinse,  air  dry  and  mark  identification  of  piece  on  outside  of 
part  with  soapstone.  Send  to  decontamination  for  cleaning  prior  to  sending  to  dim- 
ensional inspection.  Pieces  containing  steel  should  be  charged  back  into  decladder 
with  the  next  load.  If  all  copper  has  been  removed,  proceed  to  step  2.26.  If  copper 
is  still  present  on  lockalloy,  charge  pieces  back  into  decladder  with  the  next  load. 

If  no  other  pieces  are  present,  declad  scrap  pieces  or  put  some  iron  into  the  solution. 

£'. 27  In  the  fiberglas  tank,  mix  up  a solution  by  volume  of  0.25%  hydrofluoric  acid  - 25.0% 
nitric  acid,  remainder  water.  Immerse  lockalloy  parts  into  solution,  if  staining  or 
discoloration  occurs  return  to  decladder.  If  staining  or  discoloration  do  not  occur, 
rinse,  air  dry,  and  mark  identification  on  outside  surface  of  part  with  soapstone  and 
send  to  dimensional  inspection. 

2.28  The  acid  added  in  2.11  will  normally  take  care  of  two  loads  of  part.  If  it  gets  too 

weak,  add  approximately  20  gallons  of  acid  per  steps  2.8  through  2.12  and  discard  after 
two  loads  of  parts  have  been  declad,  per  para.  2.29.  

2.29  To  empty  spend  acid  - all  valves  closed  - start  pump,  close  valves  'A'  and  'D',  open 
valves  1 G'  and  ' C'  pumping  the  acid  into  the  decladder  storage  tank.  Close  valves 
'G'  and  ' C*  . If  the  temperature  of  the  acid  is  below  130°F,  open  valve  'A'  and  when 
pressure  gage  reads  10-15  pounds  open  valve  'H' . After  pumping  out  all  acid,  close 
valve  'H',  close  valve  'A'  and  stop  pump. 
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/iLLING  OF  DECLADDER  WITH  ACID  USING  DECLADDER  PUMP 

2.8  Remove  cap  from  55  gallon  drum  of  42  Baume  Nitric  Acid  (NOTE:  NO  ACID  OTHER  THAN  NITRIC 
ACID  SHOULD  BE  PUMPED  INTO  THE  DECLADDER  OR  IT'S  PUMPING  SYSTEM).  Place  acid  intake  line 
into  acid  drum. 

2.9  Turn  on  Worthite  pump. 

210.  Open  valve  'A'.  When  pressure  gage  reads  10-15  pounds,  open  valve  'C*  . Water  will 
start  circulating,  wait  a few  minutes,  open  valve  'E'. 

2.11  Slowly  close  valve  'A',  acid  will  start  pumping  into  the  decladder  storage  tank.  Pump 
approximately  55  gallons  into  decladder,  second  line  on  inside  of  tank.  Close  valve  ' E ' . 

2.12  Open  valve  'A'. 

2.13  Remove  inlet  hose  from  acid  drum  and  rinse  off  with  water. 

2.14  Place  material. 

3.0  Keep  work  area  clean  at  all  times  and  clean  up  area  at  completion  of  decladding  operation. 

3.1  Turn  off  light  and  exhaust  system. 

' Superintendent  and  foremen  shall  enforce  this  procedure. 
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Title: 

Etching  of  Beryllium  Sheet  and  Extruded  Products 


General  Purpose: 

To  define  procedures  and  practices  to  be  followed  by  production  on  etching  of  sheets  and 
wrought  products. 


Equipment: 


See  below 


j Tool  mg: 


If  at  any  time  an  operator  cannot  lollop  tne  inductions  contained  herein,  he  MUST,  (1) 
notify  his  foreman  or  supervisor  of  the  p>c,b;cm  as  wall  as.  (2)  make  a note  of  the  problem 
on  his  run  record  and/or  routing  sheer.  He  SHOULD  NOT  lake  corrective  action  or  alter 
his  required  operational  techniques  wiii'cm  !:rs*  having  supervisory  permission.  The 
exception  to  this  rule  would  be  emergency  action  to  prevent,  (a)  personal  injury,  (b)  loss 
of  material,  or,  (c)  equipment  damage 


Equipment: 

Etchant  mixture--Master  Mix  prepared  by  the  Chemistry  Laboratory: 


Tank  I 
34"  x 47" 

2"  water  - 52,000  c.c. 
Master  Mix  - 3,650  c.c. 


Tank  II 
30"  x 65" 

2"  water  - 64,000  c.c. 
Master  Mix  - 4,550  c.c. 


Tank  III 
38"  x 105" 

2"  water  - 130,000  c.c 
Master  Mix  - 9,100  c.c, 


Master  Mix  as  supplied  by  the  laboratory  will  be  in  2\  gallon  plastic  containers.  Please 
return  them  to  the  laboratory  when  empty.  A 4,000  c.c.  graduated  cylinder  is  provided  for 
personnel  mixing  up  tanks. 

CAUTION : ALWAYS  POUR  ACID  INTO  WATER 

Tanks  and  trays  with  existing  exhaust  hoods  — Wilgard  rubber  gloves  26-675  and  small  cloth 
gloves  — face  shielf  over  safety  glasses  — rubber  apron  — Vidigage  Model  21  thickness 
tester  and  0-1"  micrometer  -- 
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Equipment  Continued:  » 

Respirator  with  yellow  cartridge  - Timer  with  sweep  second  hand  - Baron  Blakeslee  Degreaser 
(Model  HD-730  with  appropriate  racks)  --  Demineralized  water  for  tank  make-ups  and  rinsing. 

I .0  General: 


This  specification  covers  the  etching  of  cross-rolled  beryllium  sheet  and  extruded  products. 
It's  intent  is  to  define  procedures  and  practices  to  be  followed  by  production  of  the  above 
produc  ts . 

2.0  Procedure:  (Etching  .003  per  side) 

2.1  Make-up  etchant  tank  to  formula  outlined  above. 

2.2  Obtain  production  sheet  from  inspection  and  record  number  to  retain  identity.  Ascertain 
that  sheet  is  within  tolerance  required  before  etching. 

2.3  Put  on  rubber  gloves. 

2.4  Place  a ground  piece  of  beryllium  end  stock  in  tank  and  measure  material  removed  in  (5) 
minutes . 


2.5  Clean  sheet  either  with  zyglo  cleaner  or  by  degreasing  it  in  Baron  Blakeslee  Degreaser. 

2.6  After  the  sheet  is  dry,  examine  it  visually  for  defects  such  as  pits,  pimples,  etc. 
and  if  defects  are  found  bring  it  to  the  attention  of  the  foreman,  who  should  contact 
the  Inspection  Department. 

2.7  Dip  acceptable  sheet  into  demineralized  water,  rinse  and  then  place  it  into  Tank  I,  II, 
111  in  the  horizontal  position,  grasp  sheet  by  edges  and  move  it  up  an  down  in  the  acid. 
After  \ of  the  time  calculated  for  etching,  lift  one  corner  of  the  sheet  and  measure  it 
with  micrometer.  After  measuring  the  sheet  turn  it  over  and  etch  it  for  the  same  period 
of  time  and  measure  it  again.  Repeat  this  operation  until  sheet  is  with  specification. 

2.8  Remove  sheet  from  etching  tank  and  rinse  it  by  dipping  several  times  into  the  rinse 
tank  until  no  further  action  from  the  acid  is  seen. 

2.9  Remove  sheet  from  rinse  tank  and  place  on  wooden  blocks  on  grating.  Wipe  off  smut 
using  a cloth  and  lots  of  water  carefully.  Turn  sheet  over  and  repeat  process. 

2.10  Thoroughly  rinse  sheet  on  both  sides  using  the  hose  with  demineralized  water. 


2.11 


Rrr 


ill. 


Transfer  sheet  to  the  table  where  two  2"  x 4"  grooved  wooden  blocks  are 
long  side  of  sheet  in  grooves  of  blocks  allowing  water  to  drain. 
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2.L2  Remove  gloves  and  starting  at  top  of  sheet  use  Cadillac  hot  air  blower  and  traverse 
towards  bottom  of  sheet  until  one  side  is  dry. 

2.13  Using  Kimwipes,  grab  end  of  sheet  and  turn  it  over  so  reverse  side  can  be  dried  by 
repeating  step  2.12. 

, 2.14  While  sheet  is  still  in  grooves  in  wooden  blocks,  using  0-1  inch  micrometer  determine 

thickness  of  sheet  at  all  four  corners  and  middle  of  sheet  sides.  If  a .003"  per  side 
has  been  removed,  wrap  in  brown  paper  and  transport  to  inspection. 

2.15  If  less  than  .003"  per  side  has  been  removed,  calculate  how  much  was  removed  in  time 
allowed  and  place  sheet  back  in  tank  for  appropriate  time  to  remove  .003"  per  side 
repeating  steps  2.14  through  3.1. 


Caution;  Beryllium  sheet  is  susceptible  to  stains  and  precautions  must  be  observed. 

a.  Wilgard  rubber  guards  must  be  worn  in  handling  the  sheet  and  should  be  kept  as 
clean  as  possible. 

b.  Each  time  gloves  comes  in  contact  with  acid,  rinse  in  water  after  completing  the 
operation  being  carried  out. 

c.  If  gloves  contact  the  sheet  and  rub  the  smut  locally  - do  not  re-etch  until  the 
whole  sheet  is  cleaned  of  smut  as  outlines  in  2.8  and  2.10,  2.11  and  2.12. 


3.0  Maintenance  of  Etching  Bath  and  Rinse  Tank: 


3.1  Add  acid  to  the  etching  baths  as  follows: 

Every  shift  before  etching  bring  water  level  up  to  2"  and  add  acid  as  described 

3.1.1  below- 

3.1.2  After  etching  the  approximate  square  inches  of  beryllium  sheet  as  prescribed  below 
add  acid  as  described  below: 

Tank  I : 30"  x 30"  = 900  square  inches 


Tan  k 

II: 

20" 

x 60" 

= 1200  square 

inches 

Tank 

III: 

30  " 

x 80" 

- 2400  square 

inches 
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In  either  3.1  or  3.12  add  acid  as  follows: 

Tank  I:  Master  Mix  - 600  c.c. 

Tank  II:  Master  Mix  - 1000  c.c. 

Tank  III:  Master  Mix  - 1630  c.c. 

3.2  Demineralized  water  rinse  tank  should  be  dumped  twice  a week  and  cleaned  out. 

j.3  When  using  rinse  tank  allow  a slow  stream  of  w'ater  flowing  into  it  to  help  skim 
top  off, 

3.4  Obtain  production  parts  from  inspection  and  record  number  to  retain  identity. 
Ascertain  that  parts  are  within  tolerance. 

3.5  Put  on  rubber  gloves. 

3.6  Clean  parts  with  zyglo  cleaner. 

3.7  After  the  part  is  dry,  examine  it  visually  for  defects,  such  as  pits,  pimples  etc. 

If  defects  are  found  bring  to  the  attention  of  the  foreman,  who  should  contact  the 
Inspection  Department. 

3.8  Dip  -'r-ceptable  part  into  demineralized  water  rinse,  and  then  place  it  into  Tank  I, 

II,  III  in  horizontal  position.  If  it  is  a flat  part,  allow  it  to  etch  for  1^  mins., 
turn  it  over  and  etch  the  other  side  1 minutes.  If  it  is  round,  rotate  it  in  the 
bath  for  three  minutes. 

3.9  Remove  part  from  etching  tank,  rinse  it  by  dipping  several  times  in  demineralized 
water  until  no  further  action  takes  place. 

3.10  Wipe  off  smut  using  a cloth  and  lots  of  water. 

3.11  Rinse  in  demineralized  water. 

3.12  Dry  in  air  or  by  use  of  a hot  air  dryer. 
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General  Purpose: 

To  define  procedures  and  pratices  to  be  followed  for  Assembly  of  Extrusion  Billets 


Equipment: 

Baron  B lakeslce  Degreaser 
(Model  HD-730  vrith  appropriate  racks) 
Rubber  Gloves 
Email  Cloth  Gloves 

Assembly  Table  with  Exhaust  Hood 
Paper  Towels  - Zyrlo  Cleaner  AG-7 


Tooling: 

Dtoel  Etamps 
Hammer 
Marking  Pen 
Drown  Paper 
Tape 

Paint  Brushes 


of  various  sizes  and  lengths 


If  at  any  time  an  operator  cannot  follow  the  instructions  contained  herein,  he  MUST,  (1)  notify 
his  foreman  or  supervisor  of  the  problem  as  well  as,  (2)  make  a note  of  the  problem  on  his  run 
y3r<^  and/or  routing  sheet.  He  SHOULD  NOT  take  corrective  action  or  alter  his  required 
offerational  techniques  without  first  having  supervisory  permission.  The  exception  to  this  rule, 
of  course,  would  be  emergency  action  to  prevent,  (a)  personal  iniury,  (b)  loss  of  material,  or, 
(c)  equipment  damage. 


1.0  General; 

This  procedure  covers  the  application  of  parting  compound  into  various  surfaces  of 
extrusion  assembly  parts  and  the  assembly  of  some. 

2.0  Procedure ; 

2.1  Parting  Compound  Mix 


PROPRIETARY  MIXTURE 

Mixture  prepared  by  first  mixing  tho  dry  powders,  then  pouring  them  into 
lacquer  v/hile  stirring. 

NOTE:  The  above  mixture  has  attenduncy  to  settle;  therefore  stir  it  before 

and  while  using  it. 
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2.2  Obtain  beryllium  billets,  low  carbon  steel’  cans  and  plugs with  appropriate  paper- 
work from  Inspection. 

2.3  Place  billets,  cans  and  plugs  into  appropriate  decreasing  racks  and  degrease 
parts.  Cool.  Zyglo  cleaner  can  be  used  as  an  alternative  method  for  cleaning 
by  spraying  the  article  irith  zyplo  and  wiping  dry  with  paper  towels. 

2.h  Steel  Stamp  XT  numbers,  at  least  lA"  high,  on  plug  containing  vent  hole 
according  to  data  issued  by  Production  Control. 

2.5  Mix  parting  compound  as  outlined  above  in  2.1. 

2.6  Tape  inside  and  outside  of  can  to  an  approximate  depth  of  lA"  to  prevent 
parting  compound  on  these  surfaces  to  allow  easier  and  better  welded  joints. 

2.7  Apply  one  coat  of  parting  compound,  by  brushing,  onto  surfaces  indicated  in 
Table  I. 

2.8  Air  dry. 

2.9  Apply  second  coat  of  parting  compound. 

2.10  Air  dry. 

2.11  Check  that  vent  hole  is  open. 

2.12  Place  beryllium  billet  inside  of  can.  Jn  case  of  the  "two  canned  billet,"  place 
small  diameter  tube  inside  of  beryllium  billet.  Place  plugs  in  both  ends,  tape 
to  hold. 

2.13  VIrap  in  brown  paper,  mark  XT  number  on  paper  and  tape  paper  securely. 

2. Ill  Take  to  shipping  for  shipment  to  03V. 
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Ttle:  Manufacturing  process  for  berylliuni  billet  ADRI  12795-302  or  12838-302  to  be  converted 

into  an  extrusion  rotor  ADRI  12796-302  or  12839-302  whichever  is  applicable. 

'.joneral  Purpose:  To  provide  a manufacturing  process  for  production  whereby  extrusion  rotor 

A R1  12796-302  or  12839-302  is  produced  from  beryllium  billet  ADRI  12795-302  or  12838-302 
i which  rotor  and  billet  to  be  designated  on  customer's  order  and  attachment} . 


y 


If  at  any  time  an  operator  cannot  follow  the  insructions  contained  herein,  he  MUST,  (1) 
notify  his  foreman  or  supervisor  of  the  p-obiem  as  well  as.  (2)  make  a note  of  the  problem 
on  his  run  record  and/or  -outing  sheet  He  SHOULD  NOT  take  corrective  action  or  alter 
his  required  operational  techniques  without  Urst  having  supervisory  permission.  The 
exception  to  this  rule  would  be  emergency  action  to  prevent,  (a)  personal  injury,  (b)  loss 
of  material,  or,  (c)  equipment  damage. 


Department 

Ope  r . # 

616 

10 

735 

15 

735 

25 

611 

26 

KBI  Res. 

Dept. 

30 

KBI  Res. 

Dept . 

31 

Description 
Receive  billet  from  supplier. 

Inspect-verify  billet  to  Dwg.  ADRI  12795-302  (12838-3023. 

Inspect  canning  components,  Items  1,2, 3, 4 & 5 per  KBI 
Dwg.  ZHC-4117  Rev.  B. 

Ship  to  KBI  Reading  Research  Items  2 & 4 of  KBI  Dwg. 
ZHC-4117  Rev.  B. 


Assemble,  weld  & leak  check  Items  2 & 4 Dwg.  ZHC-4117 
Rev.  B SOP  614-310-05.003. 


Return  assembly  of  Items  2 & 4 to  Hazleton. 
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40 

611 

41 

KBI  Res. 
Dept . 

50 

KBI  Res. 

Dept . 

60 

KBI  Res. 
Dept . 

70 

735 

75 

611 

80 

OSV 

90 

616 

100 

735 

105 

730 

110 

640 

120 

730 

121 

735 

125 

Number: 

1200-000-08.008 

i 

Description 


Rev:  Facje  oT 

2 t 2 


Assemble  Items  1,2, 3, A & 5 per  KBI  Dwg . ZHC-4117  Rev.'  B ancj  gOP 
614-310-05.003. 

Ship  to  KBI  Reading  Research. 


Weld  and  leak  check  assembly  per  KBI  Dwg.  ZHC-4117  Rev.  B & 
SOP  614-310-05.003. 


Evacuate  assembly  and  seal  off  per  SOP  614-310-05.002. 

Copper  spray  all  over  per  SOP  614-310-05.002. 

Visual  inspection  of  billet  assembly  for  copper  spray  coating 
per  KBI  Dwg.  ZHC-4117  Rev.  B. 

Ship  to  Reactive  Metals,  Inc.,  Ashtabula,  Ohio  referencing 
P.0,  numbers. 

Extrude  per  SOP  614-310-05.001.  Identify  heat  number,  nose 
and  tail  of  extrusion  and  return  to  KBI  Hazleton. 

Receive  extrusion  from  OSV. 

Inspect  for  straightness  per  ABO  170-067  (no.  rev. 3 Para.  3.2.2 

Crop  11"  from  nose  and  33"  from  tail.  Identify  with  heat  number 
nose  and  tail  on  all  pieces. 

Declad  per  SOP  640-999-05.002.  Retain  identify  of  nose,  tail 
and  heat  number  on  al  pieces. 

Color  etch  per  SOP  730-975-05.001. 

Final  inspect  per  ABO-170-067  (no  rev. 3 per  Para.  3.2.2;  3.2.3 
and  exception  on  attachment  A of  P.0,  (note  23,  3.2.4  and  x-ray 
per  note  5 of  attachment  A of  P.0. 

Ship  to  customer  on  P.0. 


Distribution  - HEFuhrme is  ter  - JWambold  - JEAtherton  - WMarz  - SGoldstein 
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Extrusion  Billet  Assembly 
KBI  Dwg.  ZHC-4117,  Rev. 
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Mr.  F.  A.  Hallock 
Northrop  Corporation 
Electronics  Division 
100  Morse  Street 
Norwood,  MA  02062 

Reference:  Northrop  P.O.  26907,  CSDL  Account  70222 

Dear  Mr.  Hallock: 

Regarding  the  above  purchase  order,  you  will  find  enclosed 
our  report  on  the  micro-yield  strength  of  two  specimens  of  ex- 
truded beryllium  plus  the  tabluated  data. 

Very  truly  yours. 
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J.  Stemniski 

J.  Lanfranchi  (Contracts  Office) 
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MICRO-YIELD  STRENGTH  OF  EXTRUDED  BERYLLIUM 


Purpose 

Two  specimens  of  extruded  beryllium  were  tested  to  determine 
the  2 x 10  offset  micro-yield  strength. 

Results 

The  values  of  2 x 10  6 offset  micro-yield  strength  and  modulus 
of  elasticity  (E)  are: 

Sample  MYS  E 

Number  (2  x 10"^  offset)  (psi) 

(psi) 


1 24,500  42.1  x 106 

2 16,000  43.0  x 106 

Specimen  Preparation 

Specimens  were  supplied  to  C.  S.  Draper  Lab  machined  to 

\ 

drawing  SK  740060  (Figure  1) . The  specimens  were  tested  in  the 
"as-machined"  condition;  they  were  not  stress  relieved  or  chemi- 
cally etched. 

Two  epoxy-backed  foil  strain  gages  (Micro-Measurements  MA- 
06-125AD-120)  were  installed  on  each  specimen.  They  were  located 
at  mid-length,  parallel  with  the  center  line,  and  oriented  at 
180°  to  each  other.  The  gages  were  cemented  with  M-Bond-600 
epoxy  cement  using  a pressure  and  cure  schedule  recommended  by 
the  manufacturer  (Micro-Measurements)  for  transducer  applications. 

Test  Procedure 

The  tests  were  conducted  on  a CSDL-designed  lever  type  testing 
machine  using  a standard  load-unload  method.  Strain  rate  was 
approximately  .025  inches/inch/min . for  loading  and  unloading.  Full 
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load  was  maintained  only  long  enough  to  record  loaded  strain 
(approximately  1 minute) . The  specimen  remained  unloaded  for 
1 to  2 minutes  between  load  increments . 

Strain  measurements  were  made  by  means  of  BLH  Electronics 
Model  1200  Digital  Strain  Indicator.  The  sensitivity  of  the 
instrument  was  1 micro-strain  and  the  maximum  apparent  drift  during 
the  tests  was  2 micro-strain.  The  two  strain  gages  of  the  specimen 
under  test  were  connected  as  opposite  arms  of  a full  bridge  con- 
figuration; the  gages  on  the  second  specimen,  which  served  as  a 
temperature  compensator,  completed  the  bridge.  With  this  arrange- 
ment, the  indicated  strain  was  equal  to  twice  the  average  actual  strai 

The  compensating  specimen  was  located  in  close  proximity  to 
the  active  specimen  and  both  were  enclosed  in  a styrofoam  box  to 
reduce  temperature  fluctuations.  The  specimens  were  allowed  to 
equilbrate  in  temperature  for  several  hours  before  the  test  was 
started;  test  temperatures  were  82°  and  78°F,  respectively. 

Results 

The  stress-residual  strain  curves  are  shown  as  Figure  2 and  3. 

The  modulus  of  elasticity  was  calculated  from  the  elastic  portion 
of  the  stress-strain  curve. 
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The  compensating  specimen  was  located  in  close  proximity  to 
the  active  specimen  and  both  were  enclosed  in  a styrofoam  box  to 
reduce  temperature  fluctuations.  The  specimens  were  allowed  to 
equilbrate  in  temperature  for  several  hours  before  the  test  was 
started;  test  temperatures  were  82°  and  78°F,  respectively. 
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of  the  stress-strain  curve. 
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APPLICATION 

REVISIONS 

NEXT  ASSEMBLY 

USED  ON 

LTR 

DESCRIPTION 

I OWN 

1 DATE 

1 APPROVED 

2 PLC 


L-^-R  2 PLC  r_PI.i 
8 

NOTES'. 

1.  DIA'S  l-A-jl-B-l  ANDl-C-TO  BE  [©1,0005  tTr 

2.  BOTH  90°  TAPERS  TO  BE  |(|)|B|.OOOI  Tl  R| 

3.  | AND  ~ R TO  BE  TANGENT  WITH  THEIR  RESPEC 
TIVE  DIA'S  WITH  NO  STEP 

4.  CENTERS  OPTIONAL 


REVISION 

REV 

STATUS 

SHEET 

UNLESS  OTHERWISE  SPECIFIED 
CAPACITOR  VALUES  ARE  IN  *i  F 
RESISTOR  VALUES  ARE  IN  OHMS 
DIMENSIONS  ARE  IN  INCHES 
TOLERANCE  ON 

DECIMALS  ANGLES 

.xx  ♦ , 

.xxx  » 

DO  NOT  SCALE  THIS  ORAWING 
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BY  DIRECTION 


THE  CHARLES  STARK  DRAPER  LABORATORY,  INC. 

1^2/  CAMBRIDGE,  MASSACHUSETTS,  02139 


MYS  TENSILE 
SPECIMEN 


CODE  IOENT  NO.  DRAWING  NO. 

51993  SK  74  00  60 
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108 


/n;c<o-  y>eip  -zrr&e-fJ&TH 

fyr^upEp  3EAVl,UU/Y}  JtTECwEAj  * / 

Ffi/l  A/o#.Td£(>f>  CoZPoGATiQJ  JElEQTfZMiCS  P^. 

, 3-/a.'7<o 

ZxJO  ✓»?./. s. 


/^S<pK«t  /V/C*03TA4jJ 
{/o'4"  Jr-e^/vj 


J//C  AAM*  - tOS~s/-M'  ** 


/JO^THAiXP  tavrs^cT  #*■  2 -4f°7 
P.E.L.TEST  METALLURGY  GROUP 


SPECIMEN  NO.  # I 

MATERIAL  5 Zoo  ey.-tr.*PrL> 

DATE  2 -/2«/7* 

TECHNICIAN 


TIME 

LOAO 

STRESS 

/^/.  _ 

NO- LOAO 
S.  1. 
R'OING 

L0A0E0 

S.l. 

R'OING 

A 

RES. 

STRAIN 

A 

LOADED 

STRAIN 

— 

TEMP. 

£.JZ4S- 

/2S 

Postal 

Tors?^ 

ISOoS 

o 

o 

1,00° 

y?r**-/y.r 

iSooy 

o 

fib 

7,03° 

yu-us 

mm 

0 

IS6 

3,0*0 

H 

JSooI 

O 

I0t> 

^oot) 

mi 

7JABM 

EB55S1 

o 

iso 

5^0!£> 

■m 

■ ■ 

^Ei 

77251 

o 

Joo 

b dco 



RSV29 

12112.  «/f/ 

BBH3 

o 

m 

SI 

Hi 

330r**/W 

o 

</oi> 

Hi 

tBMM 

ZSo/S 

</ro 

KS 

mss 

V2S-.i-2U.S- 

mam 

fOo 

V77-U-  111 

2 50/S 

rasa 

m 

Hu 

mam 

GAG  E FACTO  R 2 . /OS' O 


GAGE  TYPE 


' rtfi-ob  -,‘isr  /!  /O 


T.P.*  4«7« 


- Ill- 


& kt 


P. E.L.TEST  METALLURGY  GROUP 


SPECIMEN  NO.  ^ >. 

MATERIAL  5 7 CO  0>C  ‘O 

DATE  y'^/7i 
TECHNICIAN  C 


GAGE  FACTOR  J.  / 6 b"' - 0 S / 
GAGE  TYPE 


N0-10A0 
S.  I. 
R'OING 


| 

11,0*° 

I575 

U,  Sco 

jo. 

H too 

Li* 

11,^0 

/yri 

L7Z 

qscc 

7c  o 

yotC 

72b 

lystb 

755 

jyoC 

77^ 

/sse* 

/ 

fo* 

A, 

V*/*0 

- 112- 


P. E.L.TEST  METALLURGY  GROUP 


SPECIMEN  NO. 
MATERIAL  b*-- 

DATE 

TECHNICIAN  ~i)tM 


GAGE  FACTOR  Ch  5 /* 

GAGE  TYPE  _ 

I'ifi 


TIME 

LOAD 

IbV 

STRESS 

P.bA 

NO-LOAO 
S.  1. 
R'DING 

LOADED 

S.l. 

r’ding 

A 

RES. 

STRAIN 

A 

LOADED 

STRAIN 

TEMP. 

??<> 

|7y00e 

Pi*>ST/XL 

T47#L 

Mte- 

tlirl'LJof 

zs'dof 

0 

/^«a 

f 

/UZ? 

nsi^z. 

XSoa< 

0 

?oO 

I^COb 

7 

/£¥■*..? 

?<7-'2.*V2? 

ZfooY 

0 

/!f,5c0 

mn-'Mi 

2500.1 

0 

75c 

/V;t 

. 

JlXFi Kfl 

mam 

mm 

?7i 

lf/Ji 

m 

a Bra 

//£C 

^p>° 

SB 

mi 

W7K 

/«.rr 

/cz-r 

lOfi* 

K3ZTi 

;}7EB!IL 

mm 

rasa 

/*r* 

1lp£t 

r* 

flKRi 

vl’hAMi 

fssm 

iraei 

/{/S' 

U/c 

■■ 

ii 

ITOvB 

mom 

mm 

MM 

EBS3I 

D«o 

74^ 

u 

B57SS 

T3nZ 

mm 

/r>^r 

s' 

/nr 

km. 

r 

MBBB, 

mm 

B8BB! 

P.E.L.TEST  METALLURGY  GROUP 

SPECIMEN  NO.  GAGE  FACTOR  2.0  i Q i % 

material  fk', rvot-o  gage  type  j 

DATE  1/^jn 

TECHNICIAN 


P.E.l.TEST  METALLURGY  GROUP 


SPECIMEN  NO.  * I 

MATERIAL  ^ ^00  Dto'O 

DATE 

TECHNICIAN  y-Ys 


GAGE  FACTOR 
GAGE  TYPE 


no-load  loaded  a a 

STRESS  SI.  S.l.  RES.  LOADED  TEMP. 

R'OING  R’DING  STRAIN  STRAIN 


/a* 

P.E.L.TEST  METALLURGY  GROUP 


^i>tC  VIA.  V'6.15)  l 


frfCi  fit: 


0.2-52-  2 


SPECIMEN  NO.  £ -'"“P  a'":mJ69o  / GAGE  FACTOR  2. /Ob  ~AS'//> 

MATERIAL  Sctym**  3&£>0  GAGE  TYPE  ^ w nZPD 

DATE  2// 0 __  r HP  Ob  / J < 

TECHNICIAN  J>/^S  ^ i-  220  fr/PSjT 


u / 7w  M'<<T^jW(r  -5 


P. E.L.TEST  METALLURGY  GROUP 


SPECIMEN  NO.  ^3-  n GAGE  FACTOR 

MATERIAL  S ic-o  GAGE  TYPE 

DATE 

TECHNICIAN 


P.E.L.TEST  METALLURGY  GROUP 


SPECIMEN  NO. ^ ^ GAGE  FACTOR 

MATERIAL  <S>VoG  be  Eyt«.vko^Y>  GAGE  TYPE 

OATE  \"\s 
TECHNICIAN 


21 


■fc^The  Charles  Stark  Draper  Laboratory, Inc. 

68  Albany  Street,  Cambridge,  Massachusetts  02139  Telephone  (617)  258- 


13  April,  1976 
JJM-21 


Mr.  F.  A.  Hallock 
Northrop  Corporation 
Electronics  Division 
100  Morse  Street 
Norwood,  MA  02062 

Reference:  Northrop  P.  0.  26906,  CSDL  Account  70221 

Dear  Mr.  Hallock: 

Regarding  the  above  purchase  order,  you  will  find  enclosed 
our  report  on  the  thermal  expansion  of  beryllium  and  beryllium- 
oxide  samples.  Tabulated  data  is  also  enclosed. 

Very  truly  yours, 


John  J.  McCarthy 
Metallurgist 
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THERMAL  EXPANSION  OF  BERYLLIUM  AND  BERYLLIUM- OXIDE 

FROM  95  TO  21 OF 


Purpose 

Thermal  expansion  was  determined  as  a function  of  temperature 
for  specimens  of  beryllium  and  beryllium-oxide.  Values  were 
determined  in  the  radial  direction  for  the  beryllium-oxide  spec- 
imen and  in  the  radial  and  longitudinal  directions  for  the 
beryllium  specimen. 


Results 

Coefficients  of  thermal  expansion  for  the  temperature  inter- 
val 95  to  210F  are  as  follows: 


Sample 

Beryllium  Oxide 
Beryllium  (Longitudinal) 
Beryllium  (Radial) 


Coefficient  of  Thermal  Expansion 
(95  to  210F) 

2.91  x lO-6  Per  °F 
7.9  x 10~6  Per  °F 
6.5  x 10  ^ Per  °F 


Expansion  is  also  plotted  as  a function  of  temperature. 

Specimen  Preparation 

Specimens  were  supplied  to  C.  S.  Draper  Lab  in  the  form  of 
right  circular  cylinders;  they  were  tested  as  received.  The 
beryllium  specimen  was  5/8  inch  diameter  by  5/8  inch  long;  the 
beryllium-oxide  specimen  was  0.7  inch  diameter  by  0.3  inch  long. 

Epoxy-backed  foil  strain  gages  (Micro-Measurements  MA-06- 
125AD-120)  were  used  to  measure  expansion.  Two  gages  were  installed 
on  the  beryllium  specimen,  one  on  the  outer  diameter  with  the 
gage  axis  parallel  to  the  axis  of  the  cylinder,  the  other  centered 
on  the  transverse  surface.  A single  gage  was  installed  on  the 
transverse  surface  of  the  beryllium  oxide  sample.  The  gages  were 
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bonded  with  M-Bond-600  epoxy  cement;  they  were  wired  with  a 
3-wire  arrangement. 

Test  Procedure 

The  strain  gage  method  for  determining  coefficient  of  ex- 
pansion is  described  by  W.  T.  Bean  ^ . The  test  specimen  of 
known  thermal  expansion  characteristics  was  N.B.S.  Standard  Refer- 
ence Material  731  (Borosilicate  Glass) . Strain  gages  from  the  same 
lot  were  installed  on  the  standard  reference  material  and  the 
specimen  under  test.  An  N.B.S.  calibrated  thermometer  was  used 
for  temperature  measurement  instead  of  individual  temperature 
sensors . 

The  specimens  under  test  and  the  standard  reference  material 
were  tied  to  the  thermometer  with  the  strain  gages  located  close 
to  the  bulb.  The  assembly  was  immersed  in  a silicone  oil  bath 
which  was  stirred  and  temperature  controlled  by  means  of  a 
Haake  Type  EC  Thermostat. 

The  strain  gages  were  connected  in  a quarter-bridge  configura- 
tion through  a low  resistance  switch  box  to  a BLH  Model  1200 
Digital  Strain  Indicator  using  a 3-wire  hook-up.  The  specimens 
were  temperature  stabilized  in  the  oil  bath  over  night  at  the 
first  test  temperature.  Strain  gage  readings  were  taken  for  the 
standard  reference  material  and  the  test  specimens  and  the  temper- 
ature was  recorded.  The  thermostat  was  then  re-set  to  the  next 
test  temperature.  The  heating  rate  was  approximately  1°F  per 
minute  and  the  test  temperature  was  held  constant  for  10  minutes 
before  taking  readings. 


(1)  "Linear  Thermal  Expansion  Coefficient  of  Materials  Measured 

with  Strain  Gages",  W.  T.  Bean,  Strain  Gage  Readings,  Vol.  V 
No.  5;  Dec.  - Jan.  1962-63. 
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Using  the  method  described  in  reference  1,  a gage  character- 
istics curve  was  constructed  from  the  standard  reference  material 
strain  gage  readings.  Working  from  this  curve  and  the  apparent 
strain  readings  from  the  test  specimens,  an  expansion  curve  was 
constructed  for  each  test  specimen.  The  expansion  curves  are 
attached  as  Figure  1.  The  coefficient  of  thermal  expansion  was 
calculated  from  the  expansion  curve  using  the  following  equation: 


a 


T1T2 


T T 
l2  1 


A Strain 


THERMAL  EXPANSION  DATE 
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Letter  from  Coors  Porcelain  Company 
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COORS  PORCELAIN  COMPANY 

GOLDEN,  COLORADO  80401 

(303)  279  G565 

July  17,  1975 


I’orfhrtm  Lor  Iron  ic  s 
Division  of  the  Nor  tin  up  Cor]-). 
100  Norse  Street 
Norwood,  'loss. 

A t tent  iois.  : Purchasinp,  Dept. 

Gent]  c,  en: 


EEST  kWJ~2  COPY 


COO  nr.  POPXbh.MN  COMPANY  has  produced  beryllium  oxide  products  for 
approximately  f ifteen  veers . As  you  miyht  or  niyht.  not  know,  the 
operation  ha  not  contributed  to  profits.  To  the  contrary,  .it  has 
consistently  operated  at  a loss.  In  our  opinion,  as  we  project  raw 
rater ) a 1 the  over  i ncrca  siiip.  j.eed  foi  env  i re.  ament  protection 

and  oilier  c.nts  attendant  to  munuf  ac  tur  inr,  beryl  1 inn  oxide  products, 
the  future  Ieohs  less  and  less  attractive. 

Although  we  intend  to  maintain  a facilitv  capability  to  supply  our 
own  internal  needs  - primarily  related  to  our  metal! is iny  opeiit'on  - 
in  \ Lev:  of  1 1 al  ■ v<  , w<  have  d:  i ded  to  d i scon4"  j nuc  the  m.a nu  fac. tun 

of  beryl]  iuti  oxide  products  for  customers  other  than  ourselves  just 
as  soon  as  practicable. 
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your  opera!  .ions.  In  order  to  yive  you  time  to  qualify  other  sources 
v.o  will  accept  nnv  orders  you  wish  to  place  for  produc  is  v:c  have 
rianufac  tur  ed  in  the  'past  throu;  ’ Aivuvl  7Pt!i,  Tin  one  cond  j t ion  tha  t 
v:e  would  .impose  on  those  orders  is  that  they  be  scheduled  for  deliver; 
no  later  than  December  .74  , 1975, 

V<  re;1,  ret  1 be  fact  that  it  i * necessary  to  drop  the  product  line.  j t 
lias  not  been  ; decision  tha  t ' a ■ m.-.dc  easily.  be  lave,  in  fac.  I , de- 
bated it  for  a cons  idomhlf  amount  of  i ine.  l'aviny  reached  tint 
decision  cu  j , rh  • concern  now  i • In  ninimir.e  the  impact  on  you  wn  i 1 e 


July  17,  1075 

v*.!  «*  i'  Tv;o  ' 

nl  the  sane  tine  achieving  our  y.onl  of  el  ii.:  i no  t:  i ri;  jiro^u.c  t i on  of 
urt^fluot  for  outside  customers  ns  soon  ns  possible.  ’,’c  hope  that 
apyi  oa<  1:  inf;  it  ns  outlined  above  \ • i 1 1 accomplish  that  y.oal  . 

] trust  1 1 : a t v:e  will  be  able  to  continue  the  relation' bin  v<  ! nvc 
enjoyed  for  nany  years  in  servin';  you  in  our  other  product  lines. 

•Very  truly  yours, 

COORS  PORCELAIN'  COMPANY 

* C'  C V)c  ,/ 

S' 

C.  1 . Nordquist  - 
Vice  President 
Sales  and  Marketing 
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Appendix  F 


Mass.  Dept,  of  Labor  Beryllium  Notice 


I ' 


1 


I I t • >MMl  N|)ED  S \H  PR  ACTIC  LS 


CHEMICAL  DATA  SHU  I NO  > 


BERYLLIUM 

\/\KI)  C L \SSIFR  ATION  HlC.HL't  TOXIC-USE  EXTREME  PRECAUTIONS  tt HEN  DUSI  uR  II  Ml  Is 

PRESENT 

Ml  M K \l  Beryllium  occurs  naturally  in  the  mineral  beryl,  a beryllium  aluminum  silieute  Metallic  bcrvlliur 

a pure  state  is  expensive  but  is  employed  in  guidance  control  and  optical  instrumentation,  propulsion 
d rocket  fuel ».  structures.  X-rav  tube  windows  and  certain  other  nuclear  and  scientific  applications 

Copper-beryllium  and  other  alloys  containing  up  to  5 beryllium  are  being  extensively  used  lor  > 
■ 'sty  <>i  industrial  purposes  in  automotive  products,  computers  and  business  machines,  electronics  process 
■ Jiisi r i c‘ s communication,  aerospace,  power  distribution  equipment  and  in  tools  and  special  equipment 

Bery  Ilium  oxide  is  a good  conductor  of  heat  and  an  electrical  insulator  It  is  used  in  the  manufacture 
I ramies,  m parts  for  the  electronics  industry,  crucibles  and  thermal  coatings  It  finds  applications  m the  nuclear 
industry  and  in  special  individual  plastics 

Special  beryllium  compounds  find  a minor  use  in  intermctallic  compounds,  such  as  organics. 

; ical'.  and  at  one  time  was  an  ingredient  of  the  coating  in  fluorescent  tubing  employed  for  lamps  and  signs. 

I he  most  active  beryllium  compounds  are  water-soluble  salts,  such  as  the  sulfate  and  the  fluoride 
I 'ist  and  I limes  from  beryllium  metal,  beryllium  alloys. and  finely  divided  beryllium  oxide  are  also  harmful.  So  far 
ski  v,  n i here  is  litt  le  hazard  associated  w itli  the  handling  of  the  naturally  -occurring  bery  Ilium  mineral,  bery  I 

H \RMI  l L LEE  EOS  < I > PI  l MON  ARY 

(A)  Acute  A relatively  brief  exposure  to  high  concentrations  of  beryllium  dust  or  fume  ni  \ 
follow ed  by  sudden  shortness  of  breath,  cough,  cyanosis,  fever,  chest  pain,  and  an  X-ray  picture  reseinbline 

ncumoma.  I his  acute  form  of  the  disease,  it  not  fatal,  subsides  usually  in  one  to  three  months  It  the  worker 
i urns  to  the  slime  occupational  environment,  recurrent  episodes  may  ensue 

(B)  Chronic  In  the  chronic  or  delayed  form  ot  the  illness,  the  symptoms  may  develop  at  my 
.">v  trom  a tew  months  to  years  after  the  last  exposure,  the  onset  is  gradual,  with  loss  of  weight,  loss  ot  appcht 

ortness  of  breath,  and  cough  X-ray  films  w ill  show  a characteristic  pattern  ot  nodular  changes  I he  sour-  o 
protracted  and  usually  but  not  always  progressive  Death  in  those  severely  affected  and  not  properly  treat.  .1 
lollows  a period  of  progressive  weight  loss,  shortness  ot  breath,  and  heart  failure 

(2)  SKIN  Skin  lesions  caused  bv  beryllium  and  certain  ot  its  compounds  are 

(At  Contact  dermatitis  and  skin  ulcers 

t Bl  Subcutaneous  granulomas  resulting  from  beryllium  particles  penetrating  the  skin  appear  as 
localized  small  minors  which  disappear  when  the  foreign  material  is  removed. 

MAXIMUM  XL  LOW  XBLE  I or  continuous  exposure  over  an  eight-hour  period  two  inicrograms  idlin' 
( ON(  I NTR  X ETON  milligram  i beryllium  per  cubic  meter  of  air 

PRO  TEC  TIN!  Ml  XSl  RES  Ml  operations  giving  oil  dust  or  fume  of  beryllium  or  its  compounds  should  k 

enclosed  or  supplied  with  effective  local  exhaust  ventilation 

Handling  ot  beryllium  oxide  or  beryllium  powder  should  be  done  in  a booth 
ventil.it  d it  i!  u less  than  200  elm  per  square  tool  of  opening  If  noticeable  dust  is  produced,  an  enclosed  dry  boy 
Mould  be  used  il  pr.K tkahle 
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s. 


Although  the  melting  of  copper-beryllium  alloy  produces  very  little  beryllium  turn 
a ventilated  hood  over  the  furnace  is  recommended. 

High-speed  machining  operations  with  beryllium  at  cut-off  wheels,  surface  grind.- 
and  centerless  grinders  should  be  enclosed  as  much  as  possible  and  exhaust  ventilated  at  not  less  than  200  dm  | 
square  foot  of  opening 


Milling,  drilling,  polishing  and  similar  machining  operations  of  beryllium  should  I 
provided  with  local  exhaust  ventilation  so  as  to  produce  a control  velocity  of  150  fpm  at  the  point  of  operatioi 
Beryllium  alloys  usually  do  not  require  special  ventilation  for  machining  operations,  but  dry  grinding  and  polislun 
processes  should  be  exhausted. 


In  the  grinding  of  beryllium  alloys,  the  grinding  wheel  should  be  hooded  u 
accordance  with  the  bulletin  entitled.  “Standard  Hoods  for  Grinding.  Buffing  and  Polishing”,  published  In  th, 
Division.  I he  air  volumes  exhausted  should  be  at  least  25'i  greater  than  those  specified  for  regular  grinding. 

For  operations  of  short  duration  involving  exposure  to  beryllium  dust,  approve 
air-line  respirators  or  filter-type  respirators  approved  for  use  against  highly  toxic  dust  or  fumes  may  he  worn. 

MEDICAL  CONTROL  Personnel  working  with  beryllium  or  its  compounds  should  be  under  close  mediea 

supervision,  with  particular  attention  to  lungs,  skin  and  general  health  Once  berylliosis  oi 
the  lungs  has  been  recognized,  removal  from  exposure  and.  where  indicated,  steroid  therapy  an-  required. 


MASSACHUSETTS  DEPARTMENT  OF  LABOR  AND  INDUSTRIES 
DIVISION  OF  OCCUPATIONAL  HYGIENE 


No  1024  . Supersedes  No .‘>03  December.  I ‘>7 1 

Publication  approved  by  Allred  ( Holland.  State  Purchasing  Agent  - No  II 
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Appendix  G 

MESG  Final  Data  Packages  (PPD) 
and 

AGRI  Metrology  Measurements 


I 


ELECTROSTATIC  GYROSCOPE 
MICRON 

FINAL  DATA  PACKAGE 

Control  S/N  A//?  // 


Rotor  P/H  12504-302  Rev  / ( 3 76') 


1) 

Major  Dia . 405570+ . 000005 

is_ 

' V.0&-7O 

AT 

Date 
/-  2.  -7/. 

Minor  Dia.  405540+ . 000010 

is_ 

AT  ^0° 

A 

/ -A  - 7 tL 

3) 

Surface  Finish 

is_ 

Not  Specified 

AT 

4) 

Roundness  Requirements 

is_ 

Not  Specified 

AT  . ° 

ELECTROSTATIC  GYROSCOPE 


MICRON 

FINAL  DATA  PACKAGE 

Control  S/N  AJ/Q  /V 


Rotor  P/N  12504-302  Rev  J_ 

(3-28-75) 

1) 

Major  Dia . 405570+ . 000005 

is_ 

, +/05SG  C> 

AT  68° 

i) 

Minor  Dia.  405540_f.  000010 

is_ 

. V0S-5  YO 

AT  68  0 

/am) 

jjoht 

\ 

Surface  Finish 

i s_ 

Not  Specified 

AT 

. — /-■  / — 

4) 

Roundness  Requirements 

is_ 

Not  Specified 

AT 

orm-ESG-M-1  (1/30/75) 
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ELECTROSTATIC  GYROSCOPE 


MICRON 

FINAL  DATA  PACKAGE 

Control  S/N  A//J  /£ 


Rotor  P/N  12504-302  Rev  

Major  Dia.  405570+ . 000005 

( (3-28-7J>) 
i s • ■‘/O  SS£>  S 

AT 

63° 

Q.A. 

/ \ 

Date 
/ - * PC. 

Minor  Dia.  405540V. 000010 

is  • Y-0S5‘3& 

AT' 

68° 

A 

/;  V 

/-3--PC, 

Surface  Finish 

is  Not  Specified 

AT 

o 

Roundness  Requirements 

is  Not  Specified 

AT 

o 

DCASR 

/-J. 



ELECTROSTATIC  GYROSCOPE 


MICRON 

FINAL  DATA  PACKAGE 

Control  S/N  A/tf 


/ 

Rotor  P/N  12504-302  Rev  1 (3-28-75) 


1) 

Major  Dia.  405570+ . 000005 

is_ 

-J/OSS73 

AT 

60° 

Date 

a 

2) 

Minor  Dia.  405540+. 000010 

is_ 

AT 

4>3  ° 

mJ//  /7c 

% 

Surface  Finish 

is_ 

Not  Specified 

AT 

o 

4) 

Roundness  Requirements 

is_ 

Not  Specified 

AT 

o 

DCASR 


£//f. 


?6 


Drm-ESG-M-1  (1/30/75) 
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ELECTROSTATIC  GYROSCOPE 


MICRON 

FINAL  DATA  PACKAGE 


Rotor  P/N  12504-302  Rev  _ 
Major  Dia.  405570+ . 000005 

/'"'Minor  Dia  . 405540+ . 000010 

1 > 

Surface  Finish 
Roundness  Requirements 


Control  S/N  ^ / 8 

Prig 


is_ 

at  6£  ° 

0 - A . 

,<v 

Date 
cT  7-  7+T 

is_ 

AT  68  ° 

vOw 

**'7-  7s- 

is 

Not  Specified 

AT  ° 

A/ //? 

is_ 

Not  Specified 

AT 

A// A 

DCASR 


• ELECTROSTATIC  GYROSCOP 


MICRON 

FINAL  DATA  PACKAGE 

Control  S/N  z /<£ 


Rot^r  P/N  12504-302  Rev  _ 
) Major  Dia.  405570+ . 000005 

Oria 

is_ 

.4o  S*7  ( 

_AT  7J..f 

°4- 

Date 

-/s 

V^Minor  Dia.  405540+'.  000010 

is_ 

.4 OS 5 v 3 

_AT  -7J  S ° 

/-JS  - 7 j- 

) Surface  Finish 

is_ 

Not  Specified 

AT  ° 

) Roundness  Requirements 

is_ 

Not  Specified 

0 

Eh 

i <, 

DCASR 

■ '71 . ^ 

^7! 

r .t  t 

ELECTROSTATIC  GYROSCOI 

V-  . MICRON  . ...  . . 

PINAL  DATA  PACKAGE 

Control  S/N  ~7 ~ 20 


Rotor  P/N  12504-302  Rev  _ 

Oria 

- 

A 

_AT  7 f °f 

Major  Dia.  405570+ . 000005 

is_ 

Q.A  . 

Date 

Minor  Dia..  405540+'. 000010 

is_ 

. 5^ j^ll_ 

_AT  ft  ° 

<^> 

Surface  Finish 

is_ 

Not  Scecified 

_AT 

A//J 

- 

^ Roundness  Requirements 

is_ 

Not  Soecified 

_AT 

A/  A 

— 

DCASR 

_jiAl 

7J" 
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ELECTROSTATIC  GYROSCOPE 


. . ..  MICRON 

FINAL  DATA  PACKAGE 

Control  S/N  H q2  / 


Rotor  P/N  12504-302  Rev  Prig 


Major  Dia  . 4055704- . 000005 

is 

AT 

76  °f 

O.A. 

J/k 

<A54  ) 

Date 
3 -3.0-Vy 

Minor  Dia.  405540-1- *000010 

is 

■^ossit 

AT 

tS  ^ 

•7  C °f 

<£. 

3-ac-,?b 

Surface  Finish 

is 

Not  Soecified 

AT 

o 

A//fi 

Soundness  Requirements 

is 

Not  Soecified 

_AT 

O 

aJM 

Vs'/75' 


DCASR 


ELECTROSTATIC  GYROSCOPE 

...MICRON  : .....  . 

FINAL  DATA  PACKAGE 

Control  S/N  7 -22 


Rotor  P/N  12504-302  Rev  _ 
Major  Dia.  405570+ . 000005 
4inor  Dia.  405540+>000010 
Surface  Finish 
^ Roundness  Requirements 


Prig 


o • v /u-c  / . 

is  .HPSZ 7 3 HTsW  AT  7f 

iSHO  O 

is  .'iOS5<-t£  AT  *7/ 


is  Not  Specified 


AT 


is  Not  Specified 


AT 


•r 

Date 

7< 

°r 

3-2V-  /S’ 

° ^ 

• X//* 
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ELECTROSTATIC  GYROSCOPE 


MICRON 

FINAL  DATA  PACKAGE 

Control  S/N 


& *23 


Rotor  P/N  12504-302  Rev  _ 

Oriq 

Major  Dia.  405570+ . 000005 

is_ 

,V#5S7/ 

_AT  i>8  ° 

O.A. 
Vjv 
'w  > 

Date 

S~-&-7S 

Minor  Dia.  405540+. 000010 

is_ 

. VaS’SVS’ 

_AT  6 8 ° 

S' -8  AS 

* 

Surface  Finish 

Not 

Specif ied 

_AT  ° 

AS/s? 

Soundness  Requirements 

is_ 

Not 

Specified 

_AT  ° 

A//* 

• 

DCASR 

y 

ELECTROSTATIC  GYROSCOPE 


MICRON 

FINAL  DATA  PACKAGE 


Control  S/n  a f ae  o ( 


Cavity  Assy.  Rotor  12700-302  Rev 

) Spherical  cavities  to  be  aligned 
concentric  with  in  .000050 

) Visual  of  index  mark 

)y-~  16  ''/0n  0.750  Dim. 

\ % 

) .750  Min.  Dia  100;4  Clean  Up 

) . 005  Clean  Up  Max 

) 0.680  t°c2o 

) Part  Identification  and  tagging 


. OOOCi o 


At 


DCASR 

DATE 
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rr  ESC- -K-l  (1  '30/7  5) 


O.A. 

Da  t e 

j/j/jL 

-l&S 

-J/-3/S 

jl/j/  r 

y / - 

.2/7/7- 

4^ 

ELECTROSTATIC  GYROSCOPE 
MICRON 

FINAL  DATA  PACKAGE 


LJ>  i / 


Ui  1 


Cavity  Rotor  Plated  12699-302-1  Rev 
. 406250_.090010 

ua  _cr  Position  . 000005^000003 
F 1 a t n o 3 o . 000002 
s yn.no  t r i j - ~~T6~'0T]  4 Places 
9jc0'  0 '5  1 4 Places 


is 


Control  S/N  a!  Jc'ti  / 
C.A 


is  ■ ococe 
is  ^/yy  ccccrx 
is  ^//a/  . frC‘T 


AT  712  /.V 

AT«i  

AT 7J-y  ■ 


-Sc-TvA 


£ > 

Index  Mark  90°  t 

O 

O 

r~\ 

-*  \ 

' / 

.050  Max  Plating 

3 ) 

.010  4 .001  Slot 

3) 

Visual  of  Plating 

a) 

b) 

c) 

0) 

Soundness  10  a 

V • V 


Plate  through  4 holes 
Continuous  Plating  * Equato: 
Sloe  spot  face  and  cavity 


...  4-Pjlu 
s±jj/l£ 

-1/1112 

i/jjjj 

-4^- 


J./3/7Q 


Control  S/n  aJ  y>  <r  <?  / 


Cavity  Rotor  Plated  12699-302-3  Rev 

i 

i) 

.406250  ~ 000010 

i s • */CcJ.  fc> 

->  \ 
— / 

Eouator  Position  .000005  4 0C0003 

i s . ^ 

3) 

Flatness  .000002 

is  a 

4) 

Svnnetrv  " A ■ . 0005]  4 Places 

is  ~ 

L 

w*  / 

9 0 ° 0 ' i 0 5'  4 places 

O ) 

Index  nark  90 J 4 10'  X.005  to  .015 

/ 

• 0 zj  0 Mr.  x P i -i  c i n cj 

5) 

.010  4 .001  Slot 

9) 

Visual  of  Plating  a)  Plat2  through 

4 holes 

L 

b)  Continuous  PI 

ating  Equator 

t 

Slot  spot  fac 

e and  Cavity 

c)  4 Holes  not  c 

1 a t e d 

• ~ \ 
' J 

r. c u n a n £ So  10  4. 

is 

DCASR 


EAT” 


A ?7iy 
2T&-S  c 


0 A i 
! 

DATE 

Vy^: 

__(./> ! 

J’<% 1 

f-VX 

4/3/72- 

-JL/lpS. 

j./  3 / /j' 

*V..i 

l/'U  3 / 

•rki.n  ! 

1 

tc/j/7  3 " 

ftfS.  i 

J-ljl  7 

/ 1 

-4/J/2JL 

4 /'//  7 1 
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1 


ELECTROSTATIC  GYROSCOPE 


MIC ROM 


FINAL  DATA  PACKAGE 


Cavity  Assy.  Rotor  12700-302  Rev.  

Spherical  cavities  to  be  aligned 

concentric  with  in  .000050  . • •*//,*.',  cetut/O  At 

Visual  of  index  mark 


Control  S/n  A&OJL. 


Q.A. 


f l6v/on  0.750  Dim. 


.750  Min.  Dia  100%  Clean  Up 


. .005  Clean  Up  Max 

n +000 
0.680  ...040 


Part  Identification  and  tagging 


DCASR 


DATE  ?•  27- 


n ESG-M-1  (1/30/75) 


V 


ELECTROSTATIC  GYROSCOPE 


MICRON 


FINAL  DATA  PACKAGE 


Control  S/n  a/ oat 


Cavity  Assy.  Rotor  12700-302  Rev. 

Spherical  cavities  to  be  aligned 
concentric  with  in  .000050 

'isual  of  index  macjc 

16^0n  0.750  Dim. 

750  Min.  Dia  100%  Clean  Up 

.005  Clean  Up  Max 

0.680  t?040 

Part  Identification  and  tagging 


. 6000 / o 


DATE 


S/V/70 


148- 


ELECTROSTATIC  GYROSCOPE 


MICRON 

FINAL  DATA  PACKAGE 

* ' - •*  • ‘ • ••  V V • * . • 

Control  s/N  AJoao*-/ 


Cavity  Assy.  Rotor  12700-302  Rev. 

Spherical  cavities  to  be  aligned 
concentric  with  in  .000050  . cooaf o 

At 

Q.A . 

Date 

y-S-Si' 

• • . • • ••••.  • 

Visual  of  index  mark 

<&> 

16'^On  0.750  Dim. 

Y-Y-rS 

♦ • • • . . 

750  Min.  Dia  100%  .Clean  Up 

Y-Y-7> 

•005  Clean  Up  Max 

YY-7j 

0.680  t?§40 

y-y-ry 

Part  Identification  and  tagging 

y-yyy 

DCASR 

DATE 


c-utciKU  STATIC  GYROSCOPE 


MICRON 


FINAL  DATA  PACKAGE 


- 

Control 

S/N  

A/s<rr  y 

Cavity  Rotor  Plated  12699-302-1  Rev 

O.A. 

DATE 

1) 

.406250^000010 

is 

~ AT 

^ S’ 

2) 

Equator  Position  . 000005+000003 

is 

“ • OO0GG3 

~ A 7 

y - ,v  7 

3) 

Flatness  .000002 

is 

.000CCX 

. AT 

4) 

Synnettv]  A l E 1.0005]  4 Places 

is 

tl/Z/A. / -CCDS' 

- 

v •y-75' 

5) 

9CT0'  t 0 J5 1 4 Places 

v-y-Atr 

5) 

Index  Mark  90°  ± 10°  x .005  to  .015 

i&y 

y y - yy 

7) 

.050  Max  Plating 

y-  y yy 

8) 

.010  + .001  Slot  - - '•  • ’ 

• 

• ■ 

y-y  -yy 

9) 

Visual  of  Plating  a)  Plate  through 

4 holes 



y-y_-yy 

b) 

c) 


0)  Roundness  10  a 


Continuous  Plating  Equator 
Slot  spot  face  and  cavity 
4 holes  not  plated 

is  . 0OCOO5' 


AT  ° 


y-y  -yy 


DCASR 


DATE 


S 


Control  S/N  a/ OQO  y 


1) 

2) 

3) 

4) 

5) 

6) 
7) 

a) 

9) 


Cavity  Rotor  Plated  12699-302-3  Rev 
.406250  + 000010 

Equator  Position  .000005  +.  000003 
Flatness  .000002 
Syrrr.fi  try  I A t 5 1 . 000  si  4 Places 
90°0’  2 0 5'  4 places 
Index  nark  90°  ± 10°  X.005  to  .015 
.050  Max  Plating 
.010  ± .001  Slot 
Visual  of  Plating 


is 

AT 

is 

000003 

AT 

is 

rOoOOQX 

AT 

is 

us//*/  ■ 000  *r 

L0)  Rouncness  10  n 


a)  Plate  through  4 holes 

b)  Continuous  Plating  Equator 
Slot  spot  face  and  Cavity 

c)  4 Holes  not  plated 

iS  ‘0GO0C. 


DCASR 


Q<& 

DATE 

y-y-yy 

y-yyy 

y-  y-yr 

i 

y-y-yr 

1 

1 y-y  - yr 

y-  v yry 

JL- 

y-y  -yr 

y-y-  yr 

i 

i y-y  -yy 

!..y-y-z2.^ 

<%>  _ 

: y- y -/r 

! y-y  yr~ 

^ — r 
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ELECTROSTATIC  GYROSCOPE 


MICRON 

FINAL  DATA  PACKAGE 


Control  S/N  a/OO 0/7 


Cavity  Assy.  Rotor  12700-302  Rev, 

Spherical  cavities  to  be  aligned 
concentric  with  in  .000050 

Visual  of  index  mark 

^16  ^ On  0.7  50  Dim. 

.750  Min.  Dia  100%  Clean  Up 

. 005  Clean  Up  Max 

O ARO  +00° 

U.630  _040 

Part  Identification  and  tagging 


oooo/n 


At 


6? 


Q.A. 

Date 

S~-4  -/S' 

A 

* 

S-4-7S 

/&s 

S-  9 -7S 

S'  ?-  7S 

S-9-7-T 

DCASR 

DATE 


ESG-M-1  (1/30/7  5) 
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V 


ELECTROSTATIC  GYROSCOPE 
MICRON 

FINAL  DATA  PACKAGE 


Control  S/N 


Cavity  Rotor  Plated  12699-302-1  Rev 

1)  . 06  2 5 0^0000 10  is  AT*/ 

2)  Equator  Position  , 000005jy000003  is  . /)ns>rr.*T  AT  &>8 

'!  Flatness  .000002  is  . finerr iL  AT  6>8 

4)  Syrvnet  rvj  A I E 1.0  0051  4 Places  is  g)/,fJ  ■ pc^S' 

-)  90'0'  - 0 :5 ' 4 Places 

■S)  Index  Marx  90°  + 10°  x .005  to  .015 
")  .050  Max  Plating 

) .010  + .001  Slot 

) Visual  of  Plating  a)  Plate  through  4 holes 

.b)  Continuous  Plating  Equator 
Slot  spot  face  and  cavity 
c)  4 holes  not  plated 

3)  Roundness  10  u is  . OOCOO  7 AT 


A/ <900  ^ 


DCASR 

DATE 


sT'9 

at6/°  ^ ^■■9-pir 


\r  r.U 


Cavity  Rotor  Plated  12699-302-3  I 
. 406250  + 000010 

F.cuator  Position  .000005  + 000003 


) 

Flatness  .000002 

• \ 

••  / 

iy-rrecrv  [A  1 3 1 . 00051  4 

Places 

- ) 

-0o0'  ±05'  4 places 

; 

Index  nark  90°  +10° 

X.005  t 

■ ) 

.C50  Max  Plating 

) 

.010  + .001  Slot 

.) 

Visual  of  Plating  a) 

Plat? 

Control  S/N  As'ceCS’ 


. 4C6.20 4>~  AT 
. g eeoo  .5  AT  &8 
. ooooq-j-  AT  68 
Uj/sr/  , CCGS 


Kcundness  10  u 


Continuous  Plating  Equator 

Slot  spot  face  and  Cavity  <d£i> 

4 Holes  not  plated 

‘ is  ■ QOCOC  7 AT  68  ° 

DCASR 



DATE  0 ?/?<’*// fSi 


32 


(1  '30/75) 


ELECTROSTATIC  GYROSCOPE 


MICRON 

FINAL  DATA  PACKAGE 


Control  S/N  a/7CC/^ 


Cavity  Assy.  Rotor  12700-302  Rev. 


) 

Spherical  cavities  to  be  aligned 
concentric  with  in  .000050 

■ £00(770 

At 

° 

Q.A. 

/ks 

Date 

^-9-7-r 

) 

Visual  of  index  mark 

le^On  0.750  Dim.  s 

/Qs, 

S' 9 -7  7 

w 

) 

.750  Min.  Dia  100%  Clean  Up 

S-9-7-- 

) 

• 005  Clean  Up  Max 

S-9-77 

) 

0.680  t?°40 

JT-9-7-: 

) 

Part  Identification  and  tagging 

Jl£_Z2l 

DCASR 

DATE 


)rm  ESG-M-1  (1/30/75) 
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ELECTROSTATIC  GfROSCOPE 


MICRON 


FINAL  DATA  PACKAGE 

Control  S/N  /A  OOP 


Cavity  Rotor  Plated  12699-302-1  Re 

DATE 

1) 

.406250^000010 

:) 

Equator  Position 

. 000005-000003 

- \ 
) 

Flatness  .000002 

'LA  * 

4) 

Symmetry!  A ' • O' 

T]  4 Places 

<jT  - 9 ■ ’ ' 

M 

90"0’  4 Places 

' S 9 -7-r 

5) 

Index  Mark  90°  ~ 

10°  x .005  to  .015 

f , . 

S-  9-  7S 

-) 

.050  Max  Plating 

\ S' 9-  S 

3) 

.010  + .001  Slot 

o'-  9-/9 

3) 

Visual  of  Plating 

a)  Pln*a  through  4 holes 

S- 9-  7< 

.b)  Continuous  Plating 

Equator 

Slot  spot  face  and 

cavity 

S-9-7S 

c)  4 holes  not  plated 

/oh 

S-9-7-7 

0) 

Round ness  10  a 

is  . 

OOOOO  0" 

. 3 '':o> 

S-9-7S 

DCASR 


DATE 


Control  S/N  a/O'AA'Ap 


Cavity  Rotor  Plated  12699-302-3  Rev 

0-A-  i 

DATE 

1) 

.406250  -r  000010 

is  .VOd-l/S 

A T <6  £'  c I 

J~- 1 ‘ 

2) 

Ecuator  Position  .000005  -r  000003 

is  > 60000*/ 

. x 

jT-  y - -v' 

3} 

Flatness  .000002 

is  Coooc-l. 

at ° % . 

-?:•  / 

4) 

Svrnmetrv  |A  IP  1 . 005*1  4 Places 

is  SASOOOS 

A-S 

S-A 

3) 

90°0 ’ + 0 5'  4 olaces 

A-  A 

1 S-9-7S 

3) 

Index  nark  905  + 10°  X.005  to  .015 

s-  . 

~) 

.050  Max  Plating 

/'S 

.010  + .001  Slot 

\ S-9  7S 

9) 

Visual  of  Plating  a)  Plat°  thrcug 

b)  Continuous 
Slot  spot  f 

c)  4 Holes  not 

h 4 holes 

\ s-  9- 

Plating  Equator 
acc  and  Cavity 

1 

' S-9  7S 

ola  ted 

.0-9-7/  1 

3) 

Round ness  10  g. 

is  00006  S' 

at  a 3 

s-SL.Z*.' 

DCASR 

0M-\ 

DATE 

- 

K5G-M-2  11 '30  '7  5) 
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J 

ELECTROSTATIC  GYROSCOPE 


MICRON 

FINAL  DATA  PACKAGE 


Control  S/N  A'4000  7 

( f ? ) 

Cavity  Assy.  Rotor  12700-302  Rev.  / 


Spherical  cavities  to  bo  aligned 
. concentric  with  in  .000050 

^A/  -OOOO/O 

At  68° 

Q.A. 

A 

Date 

/-2-7C 

Visual  of  index  mark 

/?, \ 

/ -2  • 7<0 

16 ‘^On  0.750  Dim. 

/-2-7f. 

% 

s- 

.750  Min.  Dia  100%  Clean  Up 

<£> 

/-z-zo 

•005  Clean  Up  Max 

A 

/-*  -7<0 

0 fifin  +00° 

0.680  _ < o^O 

A i 

7-2-77 

Part  Identification  and  tagging 

A 

/-Z-7£ 

DCASR 

' 

Oil^ 

DATE 

/-A -76 

- 156 

n ESG-M-l  (1/30/75) 


ELECTROSTAT  1C  GYROSCOPE 


MICRON 

FINAL  DATA  PACKAGE 


aj*  060  y 


Cavity  Rotor’ Plated  3 2699-302-1  Rev  2.  fa  33f?-7sJ  ( 

3)  .406230  0900010  is  . AT  68  

? ) Equator  Position  . 000005j_000003  is  . anna  fit,  AT  68  

3)  Flatness  .000010  convex  is  AT  6&  

•I ) Sv;nv.etry|  ~9  I • l.v0JT|  4 Places  is  “VtAf  

5)  90 c0  ’ ± 0“b’  4 Places  _ 

6)  Index  Mark  90°  v 10°  x .005  to  .015  _j 

7)  .050  Max  Plating  

S)  .005  ±.001  •■.  •••  • _j 

9)  Visual  of  Plating  a)  Plate  through  4 holes  

b)  Continuous  Plating  Equator 

Slot  spot  face  and  cavity  

c)  4 iioles  not  plated  < 

.0)  Roundness  10  u.  is  AT  ° 


s/n 

Q.A  . 

' /.  \ 

L 

DATE 

y rJL  rs 

— . — 

.3.  - y .1 

J-JAsZJ, 

V ~ 

_/-.  2 
3 ■ 7 - 7& 

/;_> 

3-3  -//■ 

. \ ■ 

\ 3.z.  3 z7  6 

•v 

► ‘ \ 



\-lszAs  3C 

Roundness  10  u. 


✓-  2-  76, 
\ lr^L-76 


DCASR 

DATE 


/-  ^ 


Control  S/N  A/ AA  - A 


Cavity  Rotor  Plated  12699-302-3  Rev  f 3 7sj 

.4062  50  ± 000010  is  . ///?<£  3/7/  AT 

Equator  Position  .000005  + 00000  3 is  A T 

Flatness  .000010  convex  is  ^//rJ /a si. "fr/Ji'&i AT 

Symmetry  I A 1 h 1 . OUUcI  4 Places  is  > .06#  S' 

90°0'  + 0 s'  4 o laces 


Q.  A. 

6S  ° \ 

68  ° 


Index  nark  90°  + 3 
.050  Max  Plating 
.005  i.OOi 

Visual  of  Plating 


Roundness  3.0  u, 


X.005  to  .015 


Plat?  through  4 holes 
Continuous  Plating  Equator 
Slot  spot  face  and  Cavity 
4 Holes  not  plated 

is  a//4  at 

DCASR  

DATE  


DATE 
_Zr JsZA 

-Jb-.JZ.-Z6 

-/-z Zzjza 

! -JLr_Z.  --26 
-Z-zZ.-l77, 
JL:7L-3ZZ 

/-J  - 76 


|.*Cr*  » * *5  / » / ^ 


ELECTROSTATIC  GYROSCOPE 


MICRON 

FINAL  DATA  PACKAGE 


Control  S/N  4//?  OfiO 
( A/ A V f 


Cavity  Assy.  Rotor  12700-302  Rev.  /_ 


1) 

Spherical  cavities  to  be  aligned 
concentric  with  in  .000050 

w/jh  -ficon/n  At  68 

Q.A. 

Date 

Z-2-7/ 

2) 

Visual  of  index  mark 

/-X  -7 

3) 

16*/0n  0.750  Dim. 

/-2-7 

*) 

% 

.750  Min.  Dia  100%  Clean  Up 

/ -z- ; 

5) 

. 005  Clean  Up  Max 

6b 

/-17- 

6) 

0 . d8u  040 

Part  Identification  and  tagging 

/-X-7, 

7) 

<& 

/-X.-7 

DCASR 

DATE  /-  2.-76 

orm  ESG-M-1  (1/30/75) 
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ELECTROSTATIC  GYROSCOPE 


MICRON 


FINAL  DATA  PACKAGE 


Control 

S/N  

/Va)  - •/ 

1) 

Cavity  Rotor  Plated  12699-302-1 
.406250+000010 

Rev  Z f 3 ZB  -75 ) 

is  ■ VOOZ'/T.  AT  C£>  ° 

Q.A. 

DATE 
/-  2 ■■  75 

2) 

Equator  Position 

.000005+000003 

is  .000(705  AT  5ft  ° 

/ - ’ 

3) 

Flatness  . oaoo/o 

C.OAJ  \'£i.  X 

is  “///y  /O**  Arrjt/trS?  5$ 

4) 

Symmetry  A|3  |.G v. 

4 Places 

is  w/f*j  A(.rS 

f - u - s. 

5) 

90 °0 ' + 0 °5 ' 4 PI 

aces 

/ ' 

'-7  - 75 

6) 

Index  Mark  90°  + 

10°  x .005  to  . 

015 

> 

J 7 - /, 

7) 

.050  Max  Plating 

A 

/ - 2 - /,r. 

8) 

. OoS  t .06/ 

/-  2 - 7/. 

9) 

Visual  of  Plating 

a)  Plate  through  4 holes 

7-  Z - 77. 

b)  Continuous  Plating  Equator 
Slot  spot  face  and  cavity 

c)  4 holes  not  plated 

,4  \ 

i-  Z - 73 

's 

7-7-75 

10) 

Foundress  10  u. 

is  A//X  AT  ° 

/;-  A 

/-  2-  07. 

/ 

/ 

/ 

m •»  -7' 

DCASR 

DATE  /-  J - 7 'C 


Control  S/N 


Cavity  Rotor  Plated  12699-302-3  Rev 

1)  .406250  + 000010 

2)  Equator  Position  .000005  + 000003 

3)  Flatness  . OQqq/0  Co.vVCx. 

4)  Symmetry  I A I H 1 .0005 1 4 Places 

5)  90 °0 * t 0 5'  4 places 

6)  Index  mark  90°  + 10°  X.005  to  .015 

7}  .050  Max  Plating 

8)  . ooS  - '0ol  - . 

9)  Visual  of  Plating 


2 f 3-2B-75) 
is  * '77.  AT  C0' 
is  . 0000  057  AT  C.& 

is  “//aJ  /Q-+.  " (’fl/JtSASJitKT  7,  ft  ' 
is  . POOS' 


Q.A. 


10)  Roundness  10 


a)  Plat^  through  4 holes 

b)  Continuous  Plating  Equator 
Slot  spot  face  and  Cavity 

c)  4 Holes  not  plated 

is  A///f 


/\ 


AT 


AJP  003  S 
A /s?  /Z 

DATE 

/ - 2 v>; 
-V/t. 

J--77  77. 

/ - 7 - //. 

-1-.^  , 

/ - 2 yx 

7 -Z- 73 


J7 


DCASK 


DATE 


Form  ESG-M-2  (1/30/75) 
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ELECTROSTATIC  GYROSCOPE 


1) 

2) 

4) 

5) 

6) 

7) 

8) 


MICRON 

FINAL  DATA  PACKAGE 


Cavity  Assy.  Rotor  12700-302  Rev.  1 (3-28-75) 
Spherical  cavities  to  be  aligned 

concentric  with  in  .000050  ' OOOO/O  At 

Visual  of  index  mark 
16  *//On  0.7  50  Dim. 

* 

.750  Min.  Dia  100%  Clean  Up 
. 005  Clean  Up  Max 


0.680 


+000 

-.040 


Part  Identification  and  tagging 
1000  megohms  min.  test 


DCASR 

DATE 


Control 


68 


o 


O0  OOO P 


S/N  _ 

(Ay/f  2 f 

A V/0  ) 

Q . A . 

Date 

3./ul 76 

o?/«  he 

j/n/ 76 

<fk> 

o2  /h/?C 

0///?L 

A 

3j«/76 

~T T 

Form  ESG-M-1  ( 1/30/75} 


160 


ELECTROSTATIC  GYROSCOPE 


MICRON 


FINAL  DATA  PACKAGE 


AJ  A OPO  r/ 

Control  S/N  A// 7 


Cavity  Rotor  Plated  12699-302-1 
.406250^000010 

Equator  Position  . 000005+.00000  3 

Flatness  . 000010 

Symmet ry|  A j B .0  005]  4 Places 

90  °0  ' + 0°5 1 4 Places 

Index  Mark  90°  + 10°  x .005  to 

.050  Max  Plating 

.005  + .001  Slot 

Visual  of  Plating  a)  Plate  thr 

b)  Continuo 


Rev  2 


(3-28-75) 

. */&(■,£  5ti 

• OOCOOS 


• O0O7>' 


Roundness  10  a 


Plate  through  4 holes 
Continuous  Plating  Equator 
Slot  spot  face  and  cavity 
4 holes  not  plated 

is  A///? 


AT  66 
AT  06  °_ 
AT  06° 


y / 7<* 
J/n'/  7l- 
Ji//>  J 70 


fft/7( 

ftt/7C 


DCASR 


DATE 


Control  S/N 


VP0J.S6  AT 
. ooooofT  AT 
' /0,u  CWPiTx'  AT 
Kf  • PPPfT 


Cavity  Rotor  Plated  12699-302-3  Rev  2 (3-28-75) 
.406250  + 000010  is  -VCCJIS& 

Equator  Position  .000005  +.  000003  is  . oooonfj 
Flatness  .000010  is  /Q,u  cmi 

Symmetry  I A | B [ . 0005]  4 Places  is  a'A/^'  ■ QPPfT 

90°0’  + 0 5'  4 places 
Index  mark  90°  + 10°  X.005  to  .015 
.050  Max  Plating 
.005  + .001  Slot 

Visual  of  Plating  a)  Plat«  through  4 holes 

b)  Continuous  Plating  Equator 


Roundness  10  u 


Plat®  through  4 holes 
Continuous  Plating  Equator 
Slot  spot  face  and  Cavity 
4 Holes  not  plated  , 

is  

DCASR 


Ov/ 27- 


DATE 


Form  ESG-M-2  (1/30/75) 


V 


1) 

2) 

3) 

r 

*t , 

5) 

6) 

7) 

8) 


ELECTROSTATIC  GYROSCOPE 
MICRON 

FINAL  DATA  PACKAGE 


Cavity  Assy.  Rotor  12700-302  Rev.  1 (3-28-75) 

Spherical  cavities  to  be  aligned 
concentric  with  in  .000050  0000/0 

Visual  of  index  mark 

lb  Son  0.750  Dim. 

.750  Min.  Dia  100%  Clean  Up 

• 005  Clean  Up  Max 


0.680 


+000 

-.040 


Part  Identification  and  taggi 
1000  megohms  min.  test 


DCASR 

DATE 


/S.4  O0/O 

Control  S/N  

{/J/f3  f /jO  // ) 


Form  ESG-M-1  (1/30/75) 
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ELECTROSTATIC  GYROSCOPE 


MICRON 


FINAL  DATA  PACKAGE 


Cavity  Rotor  Plated  12699-302-1 
.406250^000010 

Equator  Position  . 0t$0005+p0000  3 

Flatness  .000010 

Symmetry|AlP  |.Q005‘  4 Places 

90^0'  +_  0°5'  4 Places 

Index  Mark  90°  + 10°  x .005  to 

.050  Max  Plating 

.005  z.  -001  Slot 

Visual  of  Plating  a)  Plate  thr 


A/5  O0/O 

Control  S/N  a//1  .7 


(3-28-75) 

• 5*66  255 
- ccooev 


Roundness  10  a 


Plate  through  4 holes 
Continuous  Plating  Equator 
Slot  spot  face  and  cavity 
4 holes  not  plated 

is  A/M 


0.  A . 


AT  . 
AT  && 
AT  ' 


DCASR 


DATE 


Control  S/N 


A/5  <00/0 
A//9  // 


Cavity  Rotor  Plated  12699-302-3  Rgv  2 (3-28-75) 
.4062  50  + 000010  y is  . 4 60  2.50 

Equator  Position  .000005  +.  00Q&f)3  is  » 0)0000*6 

Flatness  .000010  i s u'/zh'  /C/>  YC650 

Symmetry  I A | B | . 0005 1 4 Places  is  </■'////■  Of/JO 

90°0'  +05*4  places 
Index  mark  90°  + 10°  X.005  to  .015 
.050  Max  Plating 
.005  + .001  Slot 

Visual  of  Plating  a)  Plat?  through  4 holes 

b)  Continuous  Plating  Equator 
Slot  spot  face  and  Cavity 

c)  4 Holes  not  plated 


AT  6B 

AT 

AT 


Roundness  10  a. 


DCASR 


DATE 


Form  ESG-M-2  (1/30/75) 
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STATE  OF  CALIFORNIA  MEASUREMENT  SYSTEM 


faAOOO  I 


Autonetics  Division 
Rockwell  International 


METROLOGY  LABORATORY  DATA  REPORT 


ITEM  Norlrcnics  Cavities  & Rotors  NUMBER  Noted 

• — — — — — — — — — — — — . — 


SUBMITTED  BY  H.  Bump 

DEPT  244 

/ f/Q  . C& 

CHARACTERISTIC 

TOLERANCE 

MEASUREMENT 

Spherical  Diameter 

f Cavity  12699-302-1 

.406250  ± .000010  in. 

.406259  in. 

L Cavity  12699-302-3 

.406250  ± .000010  in. 

.406259  in. 

Cavity  N-l 

.406250  ± .000010  in. 

.406272  in. 

Rotor  #7 

.405650  ± .000010  in. 

.405648  in. 

Rotor  #2 

Not  Specified 

.405572  in. 

/ -/* 

. 7 u cr  vT  7 

Equator  Location 

• y <j  - 

Cavity  12699-302-1 

-.000005  ± .000003  in. 

+.  000006  in. 

Cavity  12699-302-3 

-.000005  £ .000003  in. 

+.  000006  in. 

Cavity  N-l 

-.000005  ± .000003  in. 

. 000000  in. 

Sphericity 

Cavity  12699-302-1 

.000003  in.  TIR 

.000005  in.  TER 

Cavity  12699-302-3 

.000003  in.  " 

.000003  in.  " 

Cavity  N-l 

.000003  in.  " 

.000002  in.  ” 

Rotor  #2 

.000005  in.  " 

.000002  in.  TER  Max 

Rotor  #7 

.000005  in.  " 

.000003  in.  TER  Max 

COMMENTS: 

Sphericity  meets  requirements  of 

.000010  inch  allowable  Bell 

mouth. 

JOB  NUMBER:  

DATE:  2-20-75 

PAGE  _1 OF  J 


PREPARED  BY 
VERIFIED  BY  _ 


G.  Kuhn 
K.  Lund 


850  A 3 Rev  2/73 
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STATE  OF  CALIFORNIA  MEASUREMENT  SYSTEM 


S/vADOC  | 


Autonetics  Division 
J Rockwell  International 


METROLOGY  LABORATORY  DATA  REPORT 


ITEM 


SUBMITTED  BY 


__  NUMBER 
_ DEPT 


CHARACTERISTIC 

TOLERANCE 

MEASUREMENT 

Flatness 

r Cavity  12699-302-1 

.000010  in. 

.000003  in. 

L Cavity  12699-302-3 

ft 

.000002  in. 

N-l  Cavity  . 

it 

.000002  in. 

Roundness 
Z-16  Rotor 
Over  wires 
90°  to  wires 

Not  specified 

.000012  in. 
.000006  in. 

COMMENTS: 


JOB  NUMBER:  

DATE:  PREPARED  BY 

PAGE  _JL_OF  1 VERIFIED  BY  . 


850  A 3 HEV  2/73 
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STATE  OF  CALIFORNIA  MEASUREMENT  SYSTEM 


Autonetics  Division 

Rockwell  International 


METROLOGY  LABORATORY  DATA  REPORT 


ITEM 


Nortronics  Cavities  & Rotor 


SUBMITTED  BY 


H.  Bump 


NUMBER 
DEPT 


Noted 


244 


CHARACTERISTIC  . TOLERANCE  . MEASUREMENT 


Spherical  Diameter 
• Cavity  N0002-1 
Cavity  N0002-3 
Rotor  Z1S 
Maximum 
Minimum 
Equator  Location 
Cavity  N0002-1 
Cavity  N0002-3 


.406250  ± . 000010  in. 
.406250  ± . 000010  in. 
Not  Specified 


-.000005  = .000003  in. 
-.000005  = .000003  in. 


. 406255  in. 
.406260  in. 

. 405565  in. 
.405549  in. 


+ . 000002  in. 
- . 000004  in. 


Sphericity 

Cavity  N0002-1  .000003  in. 

Cavity  N0002-3  .000003  in. 


. 000003  in. 
.000005  in. 


Flatness 

Cavity  N0002-1  0.000010  in. 

Cavity  N0002-3  0.000010  in. 

COMMENTS: 


.000005  in. 
.000003  in. 


*Cavity  set  (N0002-I  and  N0002-2)  was  found  to  have  nickel  plate  on  the  back 
side  of  the  cavity  halves.  The  nickel  plating  extends  thru  the  cavity  holes 
and  would  cause  electrode  short  circuit  to  ground. 

■ H.  L.  Bump 

3/20/75 


JOB  NUMBER:  

DATE:  On-lS-75 PREPARED  BY  G.  Kuhn  , 

PAGE  _!_OF  2 VERIFIED  BY 

Zs  z 1 

#Same  observation  made  on  first  cavity  set  N000I 

166  _ 


Qr.n  » i oe\i  im 


STATE  OF  CALIFORNIA  MEASUREMENT  SYSTEM 


Autonetics  Division 

Rock. veil  International 

METROLOGY  LABORATORY  DATA  REPORT 

ITEM  Nortrorics  Cavities  L Rotor NUMBER Noted 

SUBMITTED  BY  H.  Bump DEPT 244 

CHARACTERISTIC  TOLERANCE  MEASUREMENT 

Roundness 
Rotor  Z-1S 
Over  wires 
Position  1 
Position  2 
90°  to  wir 


. 000019  in. 
. 000014  in. 
. 000002  in. 


COMMENTS: 


JOB  NUMBER:  

DATE:  03~1S-75  PREPARED  BY  C.  Kuhn 

VERIFIED  BY  V''-  < 


PAGE  OF  _2 


STATE  OF  CALIFORNIA  MEASUREMENT  SYSTEM 


Autonetics  Division 

Rockwell  international 


METROLOGY  LABORATORY  DATA  REPORT 


ITEM  ■ 

SUBMITTED  BY 


x im be r _ 2-:f 

DEPT  2 - “ 


CHARAC  TEPJ5TIC 


Spherical 


“axirr.u.T. 

Kir.ir.ur. 


TOLERANCE 
Rot  Spec iiied 


MEASUREMENT 


. ^055^2- 
.405522 


COMMENTS: 


•’03  NT  AT  ESP: 
PATE:  n '.-2 

rv  ot;  r c 


168 


PREPARED  EY 
VERTPIr  1 0V  . 


STATE  C , CALihORNIA  MEASUREMENT  _ /STEM 


Autonetics  Division 

Rockwell  International 


METROLOGY  LABORATORY  DATA  REPORT 


ITEM  Northrup  Cavities  md  Rotors  NUMBER  Noted 

SUBMITTED  BY  »■  Bump DEPT 244 


CHARACTERISTIC 

TOLERANCE 

MEASUREMENT 

Spherical  Diameter 

Cavity  N005-1 

. 40G250 ± .000010  in. 

.406246  in. 

Cavity  N005-3 

. 40G250  i .000010  in. 

.406246  in. 

Cavity  N00G-1 

. 40G250  ± .000010  in. 

.406247  in. 

Cavity  N00G-3 

. 40G250  t . 000010  in. 

. 40G246  in. 

Master  #7 

Not  Specified 

. 40G2G5  in. 

BeO  Master 

Not  Specified 

, 406258  in. 

Rotor  Z23 

Not  Specified 

Maximum  ' 

. 4055G3  in. 

Minimum 

. 405532  in. 

Rotor  Z13 

Maximum 

• 4055G0  in. 

Minimum 

. 405532  in. 

Equator  Location 

Cavity  N005-1 

-. 000005  ± . 000003  in. 

000004  in. 

Cavity  N005-3 

-. 000005  t . 000003  in. 

-.000001  in. 

Cavity  N00G-1 

-.000005  ± .000003  in. 

-.000001  in. 

COMMENTS:  All  measurements  corrected  to  GS°F 

jnn  number- 

5-15-75 

PREPARED  11Y  ( • . K'ulin 

PAM  1 OK  * 

VERIEIED  BY  '1'  - ■ ! 
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Oimtv  O/ALl  TUKlMlM  IVIC/A  JUKUYILIM  l i l UVl 


Autonetics  Division 
Rockwell  International 


METROLOGY  LABORATORY  DATA  REPORT 


ITEM  Northrup  Cavities  and  Rotors 
SUBMITTED  BY  RumP 


NUMBER  NotccL 

DEPT — 


CHARACTERISTIC 


Equator  Location 


TOLERANCE 


MEASUREMENT 


Cavity  N006-3 

-.000005  ± .000003  in. 

-.  000002  in. 

Master  #7 

-.000005  ± .000003  in. 

+.000007  in. 

BeO  Master 

-.000005  ± .000003  in. 

-.  000007  in. 

hericity 

Cavity  N003-1 

.000003  in. 

. 000003  in. 

Cavity  N005-3 

.000003  in. 

. 000002  in. 

Cavity  N00G-1, 

.000003  in. 

.000002  in. 

Cavity  N00G-3 

.000003  in. 

. 000002  in. 

Roundness 
Rotor  Z-23 
Over  Wires 
Position  1 

Position  2 
90*  to  Wires 

COMMENTS: 


Not  Specified 


. 0000 14  in. 
. 0000 14  in. 
. 000002  in. 


JOB  NUMBER:  

date:  5-15-75 

I’AC.E  _2_OF  _JL 


PREPARED  BY 
VERIFIED  BY  .. 


C.  Kuhn 


170 


|V .»»  A i Ml  v 7' 73 


blAltv  (JALIhUKIMIA  /VltAbUKt/VltlM.  T5IL/VI 

I 

Autonetics  Division 
Rockwell  International 

METROLOGY  LABORATORY  DATA  REPORT 

ITEM  Northrup  Cavities  and  Rotors  NUMBER NoLcd 

SUBMITTED  BY  H.  Bump DEPT 244 

CHARACTERISTIC  . TOLERANCE  MEASUREMENT 

Roundness 
Rotor  Z-13 
Over  Wires 
Position  1 
Position  2 
90*  to  Wires 


Not  Specified 


. 0000 15  in. 
. 0000 15  in. 
. 000003  in. 


COMMENTS: 


JOB  NUMBER:  

DATE:  5-15-75 PREPARED  BY  G.  Kuhn 

PACE  _2_OF  3 VERIFIED  BY  


171 


1 


biAlt'  CAULUKNIM  mtAbUKtlVlLIM’  YSTLM 

i 


Autonetics  Division 
Rockwell  International 


METROLOGY  LABORATORY  DATA  REPORT 


ITEM 


NORTHRUP  CAVITIES  p-  ROTORS 


SUBMITTED  BY 


H.  RrTMP 


NUMBER 
DEPT 


244 


NOTED 


CHARACTERISTIC 


TOLERANCE 


MEASUREMENT 


Spherical  Diameter 


.406250  -.000010  in. 


N003-1 

.406264  in. 

N003-3 

.406264  in. 

N004-1 

.40625°  in. 

N004-7 

.40^^52  in. 

Equator  Location 

-.000005  -.ooono?  in. 

N00J-1 

-.000004  ir 

N005-3 

-.Oonom  in 

N004-1 

-.000003  ir. 

H004-7 

-.000007  in 

Sphericity 

.0000OJ-  in. 

NO07-1 

JYVXD2  in. 

K0O3-? 

.nr/Yv,?  in. 

N004-1 

.000002  in. 

Nory-3 

w. — » • 

n rnDv 

* * » iJlL  LUl  1 

.00000?  in. 

COMMENTS.  R/"i i-nd  05-20-75  to  include  spherical  diameter  of  Rotors  Z-20,  7.-21 
and  Z -22.  All  measurements  corrected  to  68°E.  • • 


DATE:  nr-pp.TS PREPARED  BY  c.  Vuhn 

PAGE  1 OF  _2 VERIFIED  BY 

000  A 1 Ilf  V ?/73 

H 
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STATE  CALIFORNIA  MEASUREMENT  SYSTEM 


Autonetics  Division 
Rockwell  International 


METROLOGY  LABORATORY  DATA  REPORT 


ITEM  NUMBER 

SUBMITTED  BY  DEPT 


CHARACTERISTIC  TOLERANCE  MEASUREMENT 


Roundness 

Not  specified 

Rotor  Z-20 

Over  vires 

Pori ti on  1 

.000017  in. 

Position  2 

.0C0G15  in. 

90°  te  vires 

.000002  in. 

Rotor  7.-21 

Over  vires 

Position  1 

.00001?  in. 

Position  2 ' 

.00001?  in. 

90°  to  wires 

•00O00?  in. 

Rotor  2-2? 

Over  wires 

Position  1 

.00001?  in. 

Position  2 

.000014  in. 

90°  to  wires 

.000001  in. 

COMMENTS: 

JOn  NUMBER: 
HATK-  ?-?0-7rj 

PREPARED  BY 

PAGE  _l 

OF  ? 

VERIFIED  BY 

173 

* 


a nif  v .77.1 


STATE  - CALIFORNIA  MEASUREMEf  SYSTEM 

Autonetics  Division 
Rockwell  international 

METROLOGY  LABORATORY  DATA  REPORT 

ITEM  NUMBER 

SUBMITTED  BY  DEPT 

CHARACTERISTIC  TOLERANCE  MEASUREMENT 

nwnirM.  Not.  specif i~i 

Rotor  7-20 
Kinin.tn 
Hsximwn 
Rotor  7<-2 1 
Kinirruai 
Kaxirr;n 
Rotor-  ?~22 
Hinintir 
Hnrirrr! 

K'IkVjl/-*- 


COMMENTS: 


JOB  NUMBER:  

DATE-  O PREPARED  BY 

PAGE  __l_OF  VERIFIED  BY 

174 


.405S?5  in. 
./lO^gO  in. 

.4055^0  in. 
.405555  in. 

.4 05540  in. 
.4055*5 


ft*.n  a i ».»  \ > / 1 


STATE  OF  CALIFORNIA  MEASUREMENT  SYSTEM 


Autonetics  Division 

Rockwell  International 


METROLOGY  LABORATORY  DATA  REPORT 


Northrup  ESC  Cavities 

ITEM  ' 

SUBMITTED  BY  H-  lkimP 


NUMBER 
DE  PT 


Noted 


CHARACTERISTIC 


TOLERANCE 


MEASUREMENT 


SPHERICAL  DIAMETER 


EQUATOR  LOCATION 


SPHERICITY 


Not  Specified 


Not  Specified 


Not  Specified 


. 40^245  in 
. 4002(58  in 
. 40G2GG  in 


+.000005  in 
-.000002  in 
+.000011  in 


.000002  in  TIR 
.000003  in  TIR 
.000004  in  TIR 


COMMENTS: 


Cavity  thermal  coefficients  of  expansion: 
BeO  1.5  n in/. 40G25  in/9F 
Stainless  Stell  2.  tf in/.  10G25  in/°F 
Meehanite  2.7  m in/.  40G25  in/°F 


JOB  NUMBER:  

DATE:  September  12,  1075 

PAGE  1 OF  1 


PREPARED  BY  LLr  a 

VERIFIED  BY 


8S0  A 3 REV  7/73 


• I M/. 


Cavit) 


. .'ity 


STATE  OF  CALIFORNIA  MEASUREMENT  SYSTEM 

Autonetics  Division 
Rockwell  International 

METROLOGY  LABORATORY  DATA  REPORT 

ITEM  North  nip  ESC.  Parts NUMBER  Noted 

SUBMITTED  BY  H.  Bump DEPT  244 

« 

CHARACTERISTIC  TOLERANCE  MEASUREMENT 

Spherical  Diameter  **  ' " 

NA1 
NA9 
NA4 
NAI2 
B-l 
N-7 

Equator  Location  * Not  Specified 

NA1 
NA9 

NA4  , 

NA12 
B-l 
N-7 


COMMENTS:  All  measurements  corrected  to  68°F 

Coefficients  of  Expansion  used: 

BeO  = 2. 8Ain/in/°F 

Stainless  Steel  - 5.  (L#yin/in/°F 


JOB  NUMBER: 

DATE:  January  12,  197(1  . PREPARED  BY  !<■  ■!.  f.imd 

PAGE  _j OF  •'<  VERIFIED  BY  ^4^ 

/ ^ 


. 40G25I  inch 
. 40G252 
.40G24G 

.40G245 
. 40G24 2 

.40G2G0 


-.000008  inch 
-. 00000G 

-.000005 
-.000004 
+. 000000 
+ .000014 


3/73 


176 


STATE  OF 


CHARACTERISTIC 

Cavity  Sphericity 

NA1 

NA9 

NA4 

NA12 

B-l 

N-7 

Cu  y Bellmouth  v 

NAI 

NAS 

NA4 

NA12 

B-l 

N-7 


COMMENTS: 


JOB  NUMBER:  

DATE:  

PAGE  2 OF  2 


(i«.n  a i nn  < 


SlAlt  01-  CALIFORNIA  MEASUREMENT  SYSTEM 


Autonetics  Division 
Rockwell  International 


METROLOGY  LABORATORY  DATA  REPORT 


ITEJ.I  iNorlhru i>  ESQ  Pirts NUMBER 

SUBMITTED  BY  DEPT 


CHARACTERISTIC  TOLERANCE 

Rotor  Spherical  Diameter  Not  Specified 

NA11 

NA1G 

Rotor  Sphericity  Not  Specified 

NAll 

Position  1 
Position  2 
Position  3 ' 

90°  to  Wires 
NA16 
Position  1 

Position  2 

Position  3 
90°  to  Wires 


MEASUREMENT 


.405552  inch 
.405552  inch 


.000014  inch 

.000014 

.000013 

.000001 

.000014 

.000014 

.000014 

.000001 


COMMENTS: 


(l) 


Average  Diameter 


of  Major  and 


Minor  Axes 


JOB  NUMBER: 
DATE:  


PAGE  2 OF 


PREPARED  BY  — y 
VERIKIEI)  " 


«',0  ?/71 


178 


■•y. 


STATE  OF 


CHARACTERISTIC 

CAVITY  SPHERICAL  DIAMETER 
NA  #10 
NA  #2 
NA  #11 
NA  #3 

CAVITY  EQUATOR  LOCATION 

NA#10 
NA  #2 

NA  #11 
NA  #3 

CAVITY  SPHERICITY 

NA  #10 
NA  #2 

NA  #11 
NA  #3 

COMMENTS: 


JOB  NUMBER:  

DATE:  

PAGE  _LOF  13 


860  A 3 RFV  7/73 


179 


STATE  OF  CALIFORNIA  MEASUREMENT  SYSTEM 


Autonetics  Division 

Rockvvell  International 


METROLOGY  LABORATORY  DATA  REPORT 


IT  KM  Nnrthrnp  ESC,  Parts NUMBER 

SUBMITTED  BY  DEPT 


CHARACTERISTIC 

TOLERANCE 

MEASUREMENT 

CAVITY  BELLMOl'  I'll 

Not  Specified 

NA  #10 

.00000.3  inch 

N A # 2 

.000007  inch 

NA  #11 

.00000*  inch 

NA  #3 

.000007  inch 

ROTOR  SPHERICAL  DIAMETER(1) 

Not  Specified 

NA-14 

.405552  inch 

NA-22 

.405559  inch 

ROTOR  SPHERICITY 

Not  Specified 

NA-14 

Position  #1 

.000015  inch  l ilt 

Position  ~ 2 

.000015  inch  Til! 

Position  #3 

,000015  inch  IIR 

90°  to  u ires 

.000001  inch  I IR 

COMMENTS:  Average  Diameter  of  Major  and  Minor  Axes 


JOB  NUMBER:  _ 
DATE: 

PAGE  ~ OK  ii 


PREPARED  BY 
VERIFIED  PA 

180 


Rr,n  A 3 nEV  ? n 


STATE  OF  CALIFORNIA  MEASUREMENT  SYSTEM 


Autonetics  Division 

Rockwell  International 


METROLOGY  LABORATORY  DATA  REPORT 


ITEM  Northrui)  ESC,  Dirts NUMBER 

SUBMITTED  BY  DEBT 


CHARACTERISTIC  TO  L E RA  NC  E 

ROTOR  SPHERICITY  Not  Specified 

NA-22 
Position  #1 
Position  #2 

Position  #3 
90°  to  wires 


M eascrement 


.000014  inch  TIR 

. 000012  inch  TIR 

.000013  inch  IT R 
.000002  inch  Till 


COMMENTS: 


JOB  NUMBER:  

DATE:  03-22-70 

PAGE  T OF  1~> 


181 


PREPARED  BY 
VERIFIED  B\  ^ 


8 SO  A 3 REV  7/7.1 


